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An Experimental Study in the White Pekin Duck 
R. H. RIGDON, M.D., Galveston, Texas 


The relation of trauma to cancer has been 
discussed frequently ; however, it is difficult 
to establish a cause-and-effect relationship. 
The role of trauma as a co-carcinogen is sug- 
gested by both experimental and clinical 
studies.* The relation between mechanical 
trauma and carcinogen-induced-tumors has 
been studied.¢ Deelman* observed that 
wounds of a tarred area localized and has- 
tened tumor formation. Orr’® also found 
that subcutaneous injuries resulting from 
linen sutures hastened the development of 
both tar and dibenzanthracene-induced-tu- 
mors. The experimental studies of Rous and 
associates * lend support to the opinion that 
injury of a carcinogen-prepared area may 
precipitate tumor appearance. 


In previous studies it has been shown that 
a variety of neoplasms develop in the skin of 
white Pekin ducks following local applica- 
tions of methylcholanthrene.t During the 
time of these studies we were impressed by 
the fact that hemangiomas frequently oc- 


Submitted for publication Feb. 15, 1956. 

Laboratory of Experimental Pathology, Uni- 
versity of Texas Medical Branch, Galveston, Texas. 

This investigation was supported in part by a 
research grant C-1469 (C3) from the National 
Cancer Institute, of the National Institutes of 
Health, Public Health Service, and the Tobacco 
Industry Research Committee. 

* References 1 through 6. 

+ References 7 through 10. 

t References 11 through 14. 


curred in those areas of skin where large 
feathers had been plucked. An experiment 
was designed to study the relation of trauma, 
as manifested by the plucking of feathers, to 
the development of tumors in the skin of 
white Pekin ducks treated with methylcholan- 
threne. The results of these observations are 
now reported. 


METHODS AND MATERIAL 


White Pekin ducks varying in age from 12 to 
45 days were used. They were obtained when one 
day of age from a commercial hatchery. The young 
birds were kept in an indoor room, and later they 
were put in a large outside pen with access to a 
pool of water. The ration consisted of duck 
Startena and Growena (Purina) supplemented with 
cracked corn. 

The carcinogen was a 0.25% solution of methyl- 
cholanthrene in acetone. It was applied to the skin 
of the body beneath the right wing and the adjacent 
inner surface of the same wing. The amount of 
methylcholanthrene applied daily to the skin of the 
different birds and the number of applications are 
given in the specific experiments. The feathers 
were plucked once a week from the methylcholan- 
threne-treated area of skin of specific groups of 
birds. The age of the ducks and the time the feath- 
ers were plucked are given in the specific experi- 
ments. Acetone was applied to the skin of 10 ducks 
in a manner similar to that of the methylcholan- 
threne and covered a comparable area. The feathers 
were plucked from 10 normal birds for a second 
control experiment. 

The ducks were observed usually once a week 
for the presence of tumors. Papillomas and heman- 
giomas were recognized easily; however, the solid 
tumors could not be correctly diagnosed as fibromas 
or neurogenic tumors except microscopically, as 
discussed in a previous paper.'4 Therefore, all solid 
tumors in this particular study are referred to as 
fibromas. All tumors occurred in the areas of skin 
treated with that carcinogen, except for some that 
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A, M. A, ARCHIVES OF PATHOLOGY 


TasLe 1—Groups of Ducks Treated with Methylcholanthrene for Varying Periods 


No. of No. of 
Ducks Appili- 
per eations Feathers 
Groups Group ot M. C.* Plucked Tumors Tumors Comments 


A 5 1 a 0 0 Plucked feathers beginning 
120 days after methyleholan- 
threne first applied 


Plucked feathers beginning 
120 days after methylecholan- 
threne first applied 


Plucked feathers beginning 
120 days after methylcholan- 
threne first applied 


Hemangiomas Plucked feathers beginning 
Fibromas 45 days after methylecholan- 
threne first applied 


Hemangiomas Plucked feathers beginning 
Fibromas 45 days after methylcholan- 
Papillomas threne first applied 
Fibromas 

Hemangiomas 


Hemangiomas Plucked feathers beginning 

Fibromas 45 days after methyleholan- 
threne first applied 

Papillomas 

Fibromas 

Hemangiomas 


* 0.25% solution of methyleholanthrene in acetone. 


TasLe 2.—Frequency and Time of Appearance of Tumors in Ducks Treated 
with Methylcholanthrene 
Group X: Feathers Plucked During the Time the Carcinogen Was Being Applied and Also Afterward 
Group Y: Feathers Were Never Plucked 
Group Z: Feathers Were Plucked After the Carcinogen Was Discontinued 


Groups of Ducks 

Z 

15 

“4 

+* 


Number of ducks in each group 

Age in days when methyleholanthrene first applied 

Feathers plucked 

Number of ducks that developed hemangiomas on body 

Total number of hemangiomas developed 

Experimental day when hemangiomas first appeared 

Number of ducks that developed one or more papillomas on body 
Experimental day when papillomas first appeared 

Number of ducks that developed fibromas on body 

Total number of fibromas developed 

Experimental day when fibromas first appeared 

Number of ducks that developed one or more hemangiomas on feet 
Experimental day when hemangiomas on feet first 
Number of ducks that developed one or more papillomas beneath bill 
Experimental day when papillomas beneath bill first appeared 


= 
On 


= 


Number of hemangiomas that developed on body per bird 


Experimental day when ducks either died or were killed 


* Started after the last application of methylcholanthrene. 


444 


bah of Time with Feathers Plucked and Unplucked 
a B 5 1 0 0 0 0 
ah D 5 2 0 0 0 0 
to F 5 10 0 0 0 0 
#H 6 10 0 0 0 
: I 3 20 + _ 3 
J 7 20 0 + 3 
Bs K 1 30 + 1 
; L 9 30 0 + 6 
x 
17 
+ 
% 
92 
60 
25 
36 
8 
13 
36 
10 
104 
1 3 
2 5 
3 6 
} 4 3 
Se | 7 1 
s 0 
-s 0 
i ( 42 1 
| 0 
132-147 
; | 180-194 10 
| 195-209 0 
\ 227 0 
= 


TRAUMA AND CANCER 
developed on the web of the feet and about the head 
because the birds contaminated these areas while 
preening. The type of tumor, the total number, and 
the time (experimental daytime that methylcholan- 
threne was first applied to the skin) of their first 
appearance are shown in Table 2. 
EXPERIMENTAL FINDINGS 

The feathers were plucked from 10 normal 

ducks, beginning when they were 45 days of 


age. After 157 days no tumors were present, 
and the birds were discarded. Ten ducks, 12 
days of age, were plucked on the first day 
that acetone was applied to the skin. The 
local applications of acetone were continued 
daily for 30 days. After the last application 
of acetone, the feathers were again plucked 


once each week until the 133rd experimental 
day. At that time there were no tumors, and 
this group of ducks was discarded. 

Thirty ducks, 20 days of age, were used 
to study the skin response to the varying 
amounts of the carcinogen. The feathers were 
plucked only once, immediately preceding 
the first application of the methylcholan- 
threne. An amount of 0.5 ml. of a 0.25% 
solution of methylcholanthrene in acetone 
was applied one time to the skin of 10 of these 
birds. A second group of 10 ducks was 
treated twice, and a third group of 10 birds 
was similarly treated for 10 consecutive days. 
At 127 days following the first application 
of the methylcholanthrene to these 30 ducks, 
the feathers were plucked from 5 birds in each 
of the three groups (Table 1). They were 
plucked once each week during the remaining 
90 days. No tumors developed in any of the 
30 ducks in Groups A, B, C, D, E, and F 
(Table 1). In a second experiment 30 ducks, 
17 days of age, Groups G, H, I, J, K, and L, 
were similarly treated with methylcholan- 
threne. Table 1 also gives the number of 
plucked and nonplucked birds used in this 
experiment. The feathers were plucked from 
the birds in Groups G, I, and K on the 45th 
experimental day, and thereafter once each 
week. Six ducks (Group H), as shown in 
Table 1, were treated 10 times, and no tumors 
developed. Two of the four ducks (Group 
G) similarly treated and with the feathers 


plucked developed local tumors. Ten ducks 
(Groups I and J) were treated with the 
same carcinogen for 20 days. The feathers 
from three of these birds (Group 1) were 
plucked, and each duck developed tumors. 
Three ducks developed tumors in the group 
of seven (Group ]) that did not have the 
feathers plucked. Ten ducks were treated 
for 30 days (Groups K and L). The feathers 
were plucked from one duck (Group K), and 
he developed local tumors. Six of the nine 
birds (Group L) with the feathers intact 
developed tumors. 

From the above experiment, it would seem 
that 20 applications of methylcholanthrene is 
about the minimum number of applications 
necessary to produce tumors on the body, 
and that plucking of the feathers in methyl- 
cholanthrene-treated birds results in the de- 
velopment of a higher percentage of ducks 
with tumors. To study further this problem 
of the relation of trauma to the development 
of tumors, 43 ducks 17 days of age were used 
(Table 2). The feathers were plucked one 
time immediately before the methylcholan- 
threne was first applied. The feathers also 
were plucked once each week from the 29 
ducks in Group X, while the methylcholan- 
threne was being applied, and also weekly 
after the local applications of methylcholan- 
threne were discontinued until the end of the 
experiment. The feathers were not plucked 
from the 14 ducks in Group Y. A third 
group of 15 ducks (Group Z), 14 days of 
age, was similarly treated with methylcholan- 
threne, and the feathers were plucked once 
per week, beginning on the day following the 
last application of methylcholanthrene. The 
time of occurrence and the total number of 
hemangiomas (Figs. 1 and 2), fibromas 
( Figs. 1 and 3), and papillomas ( Figs. 4 and 
5) in the three groups of ducks (Groups X, 
Y, and Z) are shown in Table 2. The fre- 
quency of tumors on the web of the feet and 
beneath the bill of these ducks also is shown 
in this Table. The percentage of ducks de- 
veloping hemangiomas on the body is approx- 
imately the same in the two Groups X and Z, 
where the feathers were plucked. Only one- 
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Fig. 1 (Duck 462).—A solid tumor is shown 
at A. Such lesions were considered macroscopically 
as fibromas in this study. Similar lesions micro- 
scopically were found to be lipomas, fibromas, or 
neurogenic tumors. A typical hemangioma is shown 
at B. 


half of the ducks developed tumors where 
the feathers were not plucked. Furthermore, 
the hemangiomas on the body appeared much 
earlier (60 days) in the ducks where the 
feathers were plucked at the same time that 


the methylcholanthrene was being applied, 


Fig. 2 (Duck 145).—The pattern of growth of 
the hemangiomas varied widely in these experimen- 
tal lesions. This illustrates one of the types. Hema- 
toxylin and eosin; reduced about 4% from mag. 


A. ARCHIVES OF PATHOLOGY 


Fig. 3 (Duck 265).—This represents a typical 
fibroma. Note the many collections of lymphocytes 
throughout this lesion. Hematoxylin and eosin; re- 
duced about 4 from mag. x 48. 


and in 106 days, where the feathers were not 
plucked. The fibromas were more frequent 
in the ducks when the feathers were plucked 
than they were in the nonplucked birds. They 
also occurred earlier in the plucked duck. The 
number of hemangiomas per bird that de- 
veloped on the feet and the number of papil- 
lomas per bird that developed beneath the bill 
of the plucked (Groups X and Z) and the 
nonplucked birds (Group Y) were approxi- 
mately the same. A higher percentage of the 
birds in Group Z showed papillomas beneath 
the bill and hemangiomas on their feet than 
that shown in Group X. This increase may 


Fig. 4 (Duck 792).—In many ducks the papil- 
lomas were too numerous to count. It is difficult 
here to establish the relation of the papilloma to the 
feather follicle. 


x 90. 


TRAUMA AND CANCER 


have been influenced by the fact that this 
group of 15 ducks (Group Z) was observed 
for a longer time (Table 2). The time was 
approximately the same when papillomas first 
appeared beneath the bill and hemangiomas 
first appeared on the web of the feet of the 
ducks in Group X, when the feathers were 
plucked, as in Group Y, when the feathers 
were not plucked. 

Hemangiomas continucd to appear in the 
skin of the body of the ducks for a much 
longer time when the feathers were plucked. 
The number of tumors per bird also was 
greater in the plucked groups (X and Z) 


. 


Fig. 5 (Duck 480).—This illustrates the typical 
papillomas occurring in the duck following the local 
application of methylcholanthrene. Hematoxylin 
and eosin; reduced about 4% from mag. x 18. 


(Table 2). The birds in Group X, with 
feathers plucked, were killed earlier than 
those in Group Y, in which the feathers were 
not plucked. Therefore, the above variations 
may not be attributed to the length of the 
experiment. 


Papillomas developed in the methylcholan- 
threne-treated areas of skin in the majority 
of the ducks regardless of whether the feath- 
ers were plucked or not. No attempt was 
made to count the number of papillomas, 
since they were too numerous in many of the 
birds (Fig. 4). The time of the first appear- 
ance of the papilloma on the body was ap- 


proximately the same in the three groups X, 
Y, and Z (Table 2). 


COMMENT 


In this experiment it has been found that 
papillomas, hemangiomas, and fibromas occur 
in and on the skin of the body of white Pekin 
ducks after the local applications of a 0.25% 
solution of methylcholanthrene in acetone. 
The frequency of development of these tu- 
mors is related to the number of applications 
of a specific concentration of this carcinogen 
applied to the skin. Twenty daily applica- 
tions of a 0.25% solution of methylcholan- 
threne in acetone to the skin of the body 
appear to be approximately the minimum 
number for the production of these tumors, 
as suggested by the fact that three ducks from 
a group of seven thus treated developed 
fibromas and hemangiomas. When the same 
concentration of methylcholanthrene was ap- 
plied to the skin only 10 times and 45 days 
after the first application of the carcinogen 
the feathers were plucked, tumors developed 
in two of the four ducks (Table 1). Thus it 
appears that trauma, as manifested by the 
plucking of feathers, influences the develop- 
ment of hemangiomas in the skin of the duck 
treated with this specific carcinogen. Of the 
ducks in Group Y, 50% developed hemangi- 
emas on the body, although the feathers 
were not plucked, whereas 90% of the 
birds in Group X and 93% of the birds in 
Group Z with feathers plucked developed 
hemangiomas. 

It is of interest to observe that the number 
of ducks developing hemangiomas was the 
same, whether the feathers were plucked at 
the same time the carcinogen was applied, or 
if they were plucked following the last appli- 
cation of methylcholanthrene. The time of 
the first appearance of the hemangiomas was 
much earlier (60 days) when the feathers 
were plucked during the time the methyl- 
cholanthrene was being applied than it 
was when the feathers were not plucked 
(106 days). This observation would suggest 
that the trauma was a significant factor in the 
development of these hemangiomas. Fur- 
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thermore, tumors occurring after the last 
application of the carcinogen would indicate 
the effect of trauma to be that of a co-carcin- 
ogen. This observation also would suggest 
that the quantity of methylcholanthrene con- 
tacting the skin of the duck may not be as 
significant in the development of the heman- 
giomas as the co-carcinogenic effects pro- 
duced by subsequent trauma. The amount of 
methylcholanthrene in acetone reaching the 
skin, no doubt, was less when applied to 
ducks with their feathers not plucked, as in 
Group Z, than to ducks where the feathers 
were plucked both during the time cf appli- 
cation of the methylcholanthrene and after- 
ward, as shown by the birds in Group X 
(Table 2). The observation that there are 
hemangiomas in ducks treated with methyl- 
cholanthrene with their feathers plucked and 
in ducks similarly treated without the feath- 
ers being plucked is of interest, in view of the 
observations of others refe ble to tumor for- 
mation in the skin of mice.§ Lacassagne and 
Latarjet * have pointed out that “a skin zone 
(in mice) free from hair follicles and seba- 
ceous glands appeared refractory to the car- 
cinogenic action of methylcholanthrene.” In 
this study on the duck it has been shown 
that papillomas and hemangiomas develop 
where there no feather follicles and 
sebaceous glands, that is, on the web of the 
foot and that portion of the undersurface of 
the bill devoid of and 
Cowdry " recently discussed the significance 
of the hair follicles in the pathogenesis of 
papillomas and carcinomas in the mouse. 


were 


feathers. Liang 


Simpson and Cramer '* also have emphasized 
the fact that the hair follicle in mice is a 
portal of entry for methylcholanthrene in 
benzene. In the duck, feather follicles do 
appear to contribute to the pathogenesis of 
tumors; however, they are not essential for 
the development of papillomas and heman- 
giomas. 

The spontaneous regression of tumors in 
the duck presents some difficulty in a study 
such as this; however, many of the tumors 
did persist, becoming 2 to 3 cm. in diameter. 


§ References 15 through 20. 
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The mechanism of regression of hemangi- 
omas and carcinomas in the chicken and duck 
has been reporied.|| The +pathogenesis of 
these hemangiomas is now being studied, and 
it would seem that methylcholanthrene 
stimulates the production of angioblasts, 
probably through its effect on histiocytes. 


SUMMARY 


Hemangiomas, papillomas, and fibromas 
have occurred in the skin of the body wall 
of the duck after local applications of a 
0.25% solution of methylcholanthrene in ace- 
tone. The number of such tumors is greater 
in ducks with their feathers plucked than in 
birds similarly treated and with the feathers 
not plucked. Although tumors may occur 
without trauma, the plucking of feathers does 
play a significant role as a co-carcinogen, as 
shown in these experiments. Although the 
feather follicles in the ducks are important 
in the pathogenesis of tumors, papillomas and 
hemangiomas do develop on the web of the 
foot and beneath the lower bill in areas that 
are devoid of feather follicles and sebaceous 
glands. 

REFERENCES 

1. Berenblum, I.: Mechanism of Carcinogenesis : 
Study of the Significance of Carcinogenic Action 
and Related Phenomena, Cancer Res. 1:807-814, 
1941. 

2. Berenblum, I., and Shubik, P.: New, Quanti- 
tative, Approach to the Study of the Stages of 
Chemical Carcinogenesis in the Mouse’s Skin, Brit. 
J. Cancer 1:383-391, 1947. 

3. Friedewald, W. F., and Rous, P.: Initiating 
and Promoting Elements in Tumor Production: 
Analysis of the Effects of Tar, Benzpyrene, and 
Methylcholanthrene on Rabbit Skin, J. Exper. 
Med. 80:101-126, 1944. 

4. Rous, P., and Kidd, J. G.: Conditional Neo- 
plasms and Subthreshold Neoplastic States: Study 
of the Tar Tumors of Rabbits, J. Exper. Med. 
73 : 365-390, 1941. 

5. Kotin, P., and Kahler, J. E.: Possible Role 
of Trauma as a Cocarcinogen: Case Report on an 


Oil Worker, Cancer 6:266-268, 1953. 


6. Hueper, W. C.: Medicolegal Aspects of Can- 
cer, Am. J. Clin. Path. 25:116-125, 1955. 


|| References 11 and 13. 


— 


TRAUMA AND CANCER 


7. Deelman, H. T.: Tar Cancer and Regenera- 
tion of Cells, Ztschr. Krebsforsch. 21:220, 1924, 
cited by Will, R. A.: Pathology of Tumors, St. 
Louis, The C. V. Mosby Company, 1948. 


8. Rous, P., and Kidd, J. A.: Comparison of 
Virus-Induced Rabbit Tumors and the Tumors of 
Unknown Cause Elicited by Tarring, J. Exper. 
Med. 69:399-424, 1939. 


9. Shear, M. J.: Studies in Carcinogenesis, Am. 
J. Cancer 33:499-537, 1938. 


10. Orr, J. W.: Effect of Interference with the 
Vascular Supply of the Induction of Dibenzanthra- 
cene Tumors, Brit. J. Exper. Path. 16:121-126, 
1935. 


11. Rigdon, R. H.: Spontaneous Regression of 
Neoplasms: Experimental Study in the Duck, 
South. M. J. 47:303-310, 1954. 


12. Rigdon, R. H.: Fibroma Arising from 
Feather Follicle of Duck Following Local Applica- 
tion of Methylcholanthrene to Skin, Proc. Soc. 
Exper. Biol. & Med. 83:34-36, 1953. 

13. Rigdon, R. H.: Spontaneous Regression of 


Hemangiomas: Experimental Study in the Duck 
and Chicken, Cancer Res. 15:77-79, 1955. 


14. Rigdon, R. H.: Neurogenic Tumors Pro- 
duced by Methylcholanthrene in the White Pekin 
Duck, Cancer 8:906-915, 1955. 

15. Lauridsen, J., and Eggers, H. E.: Carcino- 
genesis After Multiple Irritation, Cancer Res. 
3:43-46, 1943. 

16. Simpson, W. L., and Cramer, W.: Fluores- 
cence Studies on Carcinogens in the Skin: I. Histo- 
logical Localization of 20-Methylcholanthrene in 
Mouse Skin After a Single Application, Cancer 
Res. 3: 362-369, 1943. 

17. Simpson, W. L., and Cramer, W.: Fluores- 
cence Studies of Carcinogens in Skin: II. Mouse 
Skin After Single and Multiple Applications of 
20-Methylcholanthrene, Cancer Res. 5:449-463, 
1945. 

18. Glucksmann, A.: Histogenesis of Benzpyrene- 
Induced Epidermal Tumors in the Mouse, Cancer 
Res. 5:385-400, 1945. 

19. Liang, H., and Cowdry, E. V.: Role of Hair 
Follicles in Methylcholanthrene Carcinogenesis in 
Mice, J. Nat. Cancer Inst. 16:205-224, 1955. 

20. Lacassagne, A., and Latarjet, R.: Action of 
Methylcholanthrene on Certain Scars of the Skin 
of Mice, Cancer Res. 6:183-188, 1946. 


a2 
i 
— 


Kingbinding of Mhuscle 


ROBERT E. PERRY Jr., M.D. 

ALBERT G. SMITH, M.D. 

and 

RICHARD N. WRENN, M.D., Durham, N. C. 


Our attention was initially focused on ring- 
binding of skeletal muscle when we observed 
curious rings of striated muscle binding the 
main elongate fascicle of muscle in a patient 
suffering with spastic muscles. Ringbinding 
was first described by Heidenhain in the 
German literature in 1918.1 However, an 
extensive search of the English literature 
failed to reveal information on this problem. 
It has been the topic of a few German reports 
since 1918.* 


RINGBINDING IN MAN 


The following four cases, the first of which 
is reported in detail, have all shown ringbind- 
ing of skeletal muscles. 


REPORT OF CASES 


Case 1.—A 15-year-old Cuban boy had a normal 
birth and early childhood. At age 5 the child had 
difficulty in talking, and there was questionable 
mental retardation. He was two years behind chil- 
dren of his own age in school. At age 8 he developed 
progressing flexion of the fourth and fifth fingers 
of his right hand. One year later the same flexion 
of the fourth and fifth fingers appeared in the left 
hand. When the child was first seen by us at age 
15, there was severe flexion contractures of these 
fingers, bilaterally, severer on the right. There was 
classical bilateral spastic pes planus with tight 
Achilles tendons and rigid feet. He was a muscular, 
active person, and muscle power was present in his 
lower extremities. There was moderate calf atrophy, 
bilaterally. A fusion of the proximal interphalangeal 
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joints of the fourth and fifth fingers, and a triple 
arthrodesis of the right foot was done. A biopsy of 
the grossly normal peroneal muscle on the right 
showed many ringbindings (Figs. 1 and 2). The 
wound healed well after surgery. The patient was 
seen one year later, and he had excellent functional 
results and no further progression of the disease. 
Case 2 (S-2405).—A Negro man, age 41, had 
paresthesias of both lower extremities of some four 
to six months’ duration, with no other complaints 
referable to the central nervous system. The final 
diagnosis was peripheral neuropathy, cause unde- 
termined. A right gastrocnemius muscle biopsy was 
normal except for the presence of ringbinding. 


Case 3 (S-1841).—A white man, age 30, had a 
compound fracture of the left femur in 1949, with a 
chronic osteomyelitis following this. There was 
a resultant ankylosis of the knee joint. A left quad- 
ricepsplasty was done in May, 1954, and tissue from 
this muscle contained ringbinding. 

Case 4 (S-2313-55).—A white man, age 35, had 
a below-the-knee amputation for arteriosclerotic vas- 
cular insufficiency. The stump became infected and 
an above-the-knee reamputation was done. The 
muscles in the amputated stump had ringbinding. 


After our attention had been called to ring- 
binding by the biopsy specimen in Case 1, 
all of the muscle biopsies in the surgical 
material of our service since 1953 were re- 
examined. There were 58 muscle biopsy 
cases, and our Cases 2, 3, and 4 were found 
in a study of this material. 

The ringbinding seen in our first case was 
typical. The width of the circular band varied 
from 5z to 12, with an average of 8u. The 
circumferential bands extended for an aver- 
age of 100» along the central muscle core 
(Fig. 3). These bands stained as muscle 
with the Masson muscle stain, which was 
used with a routine hematoxylin and eosin 
in the study of ail material. It was shown 
definitely that the bands had cross striations 
and were within the sarcolemma of the 
muscle fascicle. Cresyl violet and Congo red 
stains for amyloid were negative. Care was 
taken to distinguish true ringbinding from 
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Fig. 1.—Section of muscle in Case 
1. Note number of ringbindings ; 
x 226 


Fig. 2.—Higher magnification of 
ringbindings seen in Figure 1. The 
bands clearly show cross striations; 
« 610. 


Fig. 3.—Longitudinal cut fascicle 
with outer binding fibers cut in 
cross section; x 610. 
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simple separation of muscle fibers in the 
fascicle. In the latter instance, the cross stria- 
tions ran in the same direction as those in 
the main body of muscle. In addition, some 
of the circular bands were incomplete, encom- 
passing only a fraction of the diameter of the 
muscle fascicle (Fig. 4). 

Complicated forms of ringbinding were 
described by Bergstrand* as bands running 
through the muscle fascicle as well as about 
it. We have seen some of these complicated 
forms in our material but not nearly as many 
as simple ring forms. 

When found, ringbinding has usually been 
associated with some abnormality of muscle 
or disease involving tissues adjacent to the 


ringbound muscles. Gunther reported simple 
and complicated ring forms in three cases.’ 
In the first case, the rings were located in 
muscles of the leg, which was amputated for 
arteriosclerotic vascular insufficiency. In the 
second case, the structures were found in the 
left diaphragm, over which the pleura was 
thickened due to an old pleurisy. The third 
case was a 62-year-old man who had carci- 
noma of the stomach, and the diaphragm had 
ring forms present in it. Examination of 
many biopsies of human muscles by Giinther 
failed to reveal any ringbinding except in the 
flexor carpi ulnaris muscle of one patient. He 
does not describe any disease in this patient. 
Bergstrand described ringbinding of the com- 
plicated and simple type in the muscles of 
more than 50% of the cases of myotonia dys- 
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trophies studied by him.* In the first cases 
described by Heidenhain, all had some type 


of muscular dystrophy.t 


RINGBINDING IN ANIMALS 


To our knowledge, the only report of find- 
ing ringbinding in animals was by Gunther, 
who studied ringbinding by examining vari- 
ous muscles of many different animals.’ He 
found a single simple form in the diaphragm 
of a hedgehog and the gastrocnemius of a 
white rat. 

We attempted to produce ringbindings by 
animal experimentation. Since we believed 
that this structure represented a change 
due to spastic contraction of muscles, we 


Fig. 4—Cruss section of muscle 
fascicle with incomplete ringbind- 
ing. The fascicle on the left is not 
completely encircled by the band; 
x 610 


attempted to produce ringbinding by the 
administration of strychnine to experi- 
mental animals. For this experiment we 
used five white mice and five adult guinea 
pigs. Three of each group of animals 
were given strychnine, and the other two 
of each group used as controls. 
Biopsy specimens of the diaphragm, rectus 
muscles of the abdomen, and muscles of 
the thigh were examined in every instance. 
The mice were killed by the administration 
of 1 mg. of strychnine subcutaneously. The 
guinea pigs were killed by the intracardiac 
administration of 6 mg. of strychnine. The 
controls were killed by chloroforming. Death 
occurred in less than one minute, and the 


were 
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muscles were removed immediately. Part of 
each muscle was fixed immediately in Zen- 
ker’s formol and Bouin’s fluids. The remain- 
der of the muscles were kept moist with 
isotonic saline and fixed in the above fluids 
30 minutes later. The reason for this 
was to eliminate any artifact that might be 
produced by the immediate fixation of the 
muscles. The blocks were embedded in par- 
affin and sectioned at 6h. They were stained 
with hematoxylin and eosin. Rare simple ring 
forms were found in the rectus muscle of a 
control guinea pig after immediate fixation 


in Bouin's fluid, in the diaphragm of a con- 
trol guinea pig after immediate fixation in 
Zenker’s, and in the rectus muscle of a con- 


Fig. 5.—Single, simple ringbind- 
ing seen in the diaphragm of an ex- 
perimental animal; x 610. 


trol guinea pig after immediate fixation in 
Zenker’s ( Fig. 5). In no instance were ring 
forms demonstrated in the muscles of the test 
guinea pigs or the test and control white 
mice. There was no instance in the positive 
material in which these forms were compli- 
cated or numerous. 


INTERPRETATION 


Heidenhain regarded ringbinding as pa- 
thognomonic for muscular dystrophies.t 
Bergstrand, Wohlfart, Ginther, and other 
German investigators have disagreed.§ They 
have been of the opinion that these forms are 


t References 1 and 2. 
§ References 5, 6, and 7. 


more frequent in muscular dystrophies, but 
that they may be seen in other conditions. 
All have felt that ringbinding is a pathologic 
state, however. Adams, Denny-Brown, and 
Pearson state that ringbindings are artifacts 
which appear in muscles because of the strong 
liability of myotonic muscles to such contrac- 
tion artifacts." It is our conclusion that ring- 
binding, when seen in numbers, represents 
a pathological alteration of skeletal muscle 
due to contracture or hypertonicity of the 
affected muscle. Ringbindings are seen more 
frequently in myotonic and other forms of 
irritable muscle caused by vascular insuff- 
ciency, chronic inflammation, or peripheral 
neuropathies. Ringbhinding does not represent 


any pathognomonic change for any specific 
disease of muscles, but a pathological change 
in muscles due to hypertonicity or increased 
irritability of the affected muscle. Gunther 
has postulated that a humoral or toxic agent 
may be responsible for this change.’ 
Adams, Denny-Brown, and Pearson refer 
to ringbinding as a homogenous sarcoplasm 
about the fascicle caused by transverse sec- 
tion of an ordinary contraction band of an 
entire fiber.. We do not entirely agree with 
this concept, since cross sections of the simply 
thickened or buckled contraction bands would 
not show cross striation at a 90° angle to the 
central muscle fascicle. It is our concept that 
the pathogenesis of this change is spiraling 
of the outer muscle fibers of the involved and 
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contracted fascicle. This concept is based on 
the study of the ring forms at different levels 
of the involved fascicle as well as the actions 
of a model fascicle. This model is a piece of 
rubber tubing with strands of wire about the 
periphery of the tubing running parallel to 
the long axis of the tubing and attached at 
both ends. By placing this tubing inside a 
piece of glass tubing, one has the crude re- 
construction of a muscle fascicle. A slight 
amount of tension on the ends of the rubber 
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Fig. 6.—Schematic rep- 
resentation of our concept 
of the formation of ring- 
binding. 


tubing causes the outer wires to be parallel 
to the long axis of the tubing. However, if 
one compresses the ends of the rubber tubing, 
as would be the case in a contracted muscle 
fascicle, the outer wires, or fibers, spiral 
about the central core (Figs. 6 and 7). The 
involved fascicle may have to be in a more 
contracted state over a prolonged period of 
time to cause the outer fibers to remain 
spiraled around the fascicle. The formation 
of the compound type of ringbinding pro- 


Fig. 7—Drawing of muscle fascicle with ringbinding according to our concept of spiraling 
of the outer fibers. Lower, cross section of fascicle at indicated level. 
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RINGBINDING OF SKELETAL MUSCLE 
duced by a spiraling of inner fibers would be 
explained by the same pathogenesis. We 
think that the complete band that is seen in 
some cases is due to a fusion of the spiraled 
outer fibers. 


SUM MARY 


Ringbinding of skeletal muscle in humans 
and experimental animals is reported, ap- 
parently for the first time in the English 
literature. 


The presence of ringbinding in abundance 
occurs when there is hypertonicity or in- 
creased irritability of skeletal muscles, espe- 
cially in primary muscle diseases. 


Our concept of the development of ring- 
binding in striated muscle is that the outer 
fibers of the fascicle spiral about the central 
core forming the rings observed in cross sec- 
tions. This concept is based on the study of 
sections of ringbinding and of a model 
fascicle. 


Mr. William B. McNett did the drawings for 
Figures 6 and 7, and also constructed the model 
used in this study. 
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on Experimental Hypertension 


ll. The Effects of Fluid and Electrolyte on Bilaterally Nephrectomized Dogs 


J. L. ORBISON, M.D., Rochester, N. Y. 
EVELYN PETERS, M.D., Kansas City, Kan. 
and 

C. L. CHRISTIAN, M.D., Cleveland 

With the Technical Assistance of Kate Gruen 


In a previous publication we reported the 
effectiveness of intraperitoneal 0.9% NaCl 
solution and of balanced salt solution (modi- 
fied Locke’s solution) in the production of 
both hypertension and arterial necrosis in 
bilaterally nephrectomized dogs.' These phe- 
nomena appeared to be induced by changes 
in fluid and electrolyte balance, but it was 
noticed particularly that the modified Locke's 
solution was more effective in inducing 
arterial disease and hypertension than was 
0.9% NaCl. It is the purpose of this paper 
to report on the fluid and electrolyte changes 
in those animals previously described and the 
relative effectiveness of various other electro- 
lyte solutions in producing hypertension and 
vascular disease. 
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METHODS AND MATERIALS 
A. ANIMALS 


The dogs used in these experiments were ob- 
tained from the pound and kept on a standard ken- 
nel diet for one to three months. During this 
period they were trained to the technique of direct 
femoral artery puncture for blood pressure deter- 
mination. Daily weights were determined on a 
Toledo Scale (+ 30 gm.) 


B. ELectro_yte SoLuTions 


The electrolyte solutions used in this study were 
all autoclaved before injection and had the follow- 
ing compositions : 

(1) NaCl 0.9% (150 mEq/L. of both Na and C1). 

(2) A solution described by Skeggs and Leon- 
ards 2 and modified by Leonards.* In the previous 
report this was designated as “electrolyte solution,” 
but it seems more appropriate to use the term 
“modified Locke's solution.” The composition of 
the solution in ionic milliequivalents is as follows: 


148 mEq./L. 
3 mEq./L. 
5 mEq./L. 
3 mEq./L. 

.. 100 mg./100 ee. 
. 126 mEq./L. 
mEq./L. 
2mEq./L. 
7mEq./L. 


The solution was made up as two stock solutions, 
A and B, having the following composition : 


Solution A 


MgCle-6H2O 
Nacl 


NaHCOs 
NazHPO,s 


These solutions were autoclaved and a 25 ml. aliquot 
of each (A and B) was added to enough sterile 
purified water to make a final volume of 1 liter. 


* Leonards, J. R.: Personal communication. 


tsease 
couse 
i DOR. 
CaCle 
(85%-90% sol.) 
Solution B 
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(3) The mixed cation solution was designed to 
have the same concentration of cations as the modi- 
fied Locke’s solution, but to have only chloride as 
the anion. This was prepared as a single stock solu- 
tion, and 50 cc. was diluted to 1 liter to make the 
final solution. The composition of the mixed cation 
solution is as follows: 


20.0 gm. 


(4) The mixed anion solution had the same con- 
centration of each anion as the modified Locke's 
solution but contained sodium as the only cation. 
The two stock solutions had the following composi- 
tion and were diluted as the modified Locke’s solu- 
tion. 

Solution A 


. 285.4 gm./L. 
40.0 gm./L. 
27.1 mi.) L. 

(85%-90% sol.) 


4.0 ¢m./L. 
9.6 gm. 
(5) The low-sodium solution contained the same 
number of milliequivalents of all the ions as the 
modified Locke's solution, with the exception of 
lower values of Na* and Cl- (Na*=80 mEq/L. and 
Cl'=67 mEq/L.). This was effected by reducing 
the NaCl content of the modified Locke’s solution 
from 269.0 to 112.0 gm/L. Dilution of this stock 
solution was the same as for the modified Locke’s 
solution. 


(6) The hypertonic NaCl solution was made and 
used in a concentration of 10%. 

(7) The hypertonic NaCl NaHCOs solution was 
made so that the Na content was equivalent to the 
10% NaCl solution, but half of the Na was in the 
form of the bicarbonate. Hence, the solution was 
made up to contain NaCl:50 gm/L. and NaHCO::° 
72.4 gm/L. The solution was used without dilution. 
It had been hoped that a “concentrated” modified 
Locke's solution could be used in comparison with 
the 10% NaCl. Since it was found that the com- 
ponent salts of the modified Locke’s solution were 
not soluble at such a concentration, this simple con- 
centrated NaCl* NaHCO; solution was substituted. 


C. Procepure 


Eight groups of bilaterally nephrectomized dogs 
were studied. Group | consisted of seven dogs given 
nothing by mouth or intraperitoneally, and the ani- 
mals of this group were the controls. Group 2 con- 
sisted of seven dogs given 0.9% NaCl solution at the 
rate of 100 ml/kg/day. Group 3a consisted of seven 
dogs given modified Locke's solution at the rate of 
100 ml/kg/day. This procedure was later repeated 
on five dogs at the time when fluid space studies 
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were being done every second day; these dogs 
comprised Group 3b. Group 4 consisted of six 
dogs given the mixed cation solution at the rate of 
100 ml/kg/day. Group 5 consisted of six dogs given 
the mixed anion solution at the rate of 100 ml/kg/ 
day. Group 6 consisted of six dogs given the low- 
sodium solution at the rate of 100 ml/kg/day. Group 
7 consisted of eight dogs given 10% NaCl solution 
at the rate of 8.0 ml/kg/day. Group 8 consisted of 
five dogs given the hypertonic NaCl NaHCOs solu- 
tion at the rate of 8.0 ml/kg/day. In both Groups 
7 and 8, a solution of 1% procaine was given three 
to five minutes before the hypertonic solution to pre- 
vent pain, usually 10-15 ml. 

Plasma sodium and potassium concentrations were 
determined by use of the Baird flame photometer, 
and chloride by the method of Whitehorn.’ Blood 
volume was determined by the dilution of Evans 
blue (T-1824) injected intravenously. Inulin was 
obtained in sterile ampules from U. S. Standard 
Products Co., of Woodworth, Wis. Each ampule 
contained 5 gm. in 50 ml. of 0.9% NaCl. An amount 
of 10 ml. was injected for each determination, and 
the sample was withdrawn after four hours. The 
inulin in the plasma was determined by the method 
of Higashi and Peters.® 


Blood pressure determinations were made on ail 
animals three times per week until a stable control 
level was established, usually a period of one to 
three months. A nephrectomy was then performed 
and followed one to three weeks later by a second 
nephrectomy. The time of the second nephrectomy 
was considered as the beginning of the experimental 
period. From this time until the end of the ex- 
periment blood pressures were determined daily, 
and in some instances twice daily. 


Throughout the experimental period the animals 
received no food or water by mouth, all intake being 
by the intraperitoneal route. Since our intent was to 
overload these animals with electrolyte solutions, 
all of the animals except the controls were given 
daily intraperitoneal injections of a predetermined 
amount of solution. None of the fluid injected was 
ever withdrawn. 

The control determinations for Evans-blue and 
inulin space were made immediately after the sec- 
ond nephrectomy. In the earlier work only one 
additional Evans-blue and inulin space determina- 
tion was made near the end of the experimental 
period. As the work progressed, it seemed desirable 
to get more information on these space changes, and 
therefore determinations were made every second 
day during the experimental period. Since Evans- 
blue and inulin continue to circulate in the blood for 
longer than 48 hours in these animals, the blank 
determinations were elevated. However, the resid- 
ual Evans-blue and inulin levels changed very little 
over the time required for equilibration of the newly 
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Solution B 
4 
= 
4 
= 6 


inulin thus we 


added or Evans blue, and were 
allowed to make adequate serial determinations. 

All animals were autopsied and both macroscopic 
and microscopic examinations were made of thoracic 
and abdominal viscera, skeletal muscles, and skin. 
A rough quantitation of the lesions was made by 
assigning values from 0 to ++-+ to the changes in 
each of four organs: heart, stomach, colon, and 
urinary bladder. By totaling the “pluses” for the 
four organs, a number was obtained which was 
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tomized dogs given no fluid showed only very 
small changes in blood pressure, and two of 
Those 
animals which received 0.9% NaCl solution 
developed moderate hypertension and lesions 


the seven developed slight lesions. 


of moderate degree, whereas those given 
modified Locke’s solution had the greatest 
increase in blood pressure and the most 


Taste 1.—Summary of Changes in Fluid Compartments, Plasma Electrolytes, Blood Pressure, 
and Vessels in Bilaterally Nephrectomized Dogs * 


Dogs Given No Fluid (Group 1) 


Dog no. 

Degree of vascular necrosis................. 
Maximum blood pressure 

Maximum change in blood pressure 
Maximum change in Na* 


Change in inulin space 
Days survival 


Dogs Given 0.9% NaCl Solution t (Group 2) 


38 
1+ 5+ 

Maximum blood pressure 5 4 5 175 
Maximum change in blood pressure +55 
Maximum change in Na* § +10 +10 § + 5 
Maximum change in K+ + 39 +49 ee 
Maximum change in Cl- 9 +14 +15 + 2 +1: +9 

—104 +77 se oe +46 
Change in inulin space +4010 +2370 +4125 
Days survival 7 7 5 5 4 8 


Dogs Given Modified Locke's Solution t+ (Group 3a) 


Maximum blood pressure......... 
Maximum change in blood pressure. 
Maximum change in Na* 

Maximum change in K+ 

Maximum change in Cl- 


Change in inulin space 
Days survival 


+1070 


47 
10+ 


+2780 +3075 +2375 
4 6 9 10 


* All electrolytes are reported in milliequivalents per liter. 
t Groups 2 and 3a were given 0.9% NaCl and moditied Locke's solution respectively, each at the rate of 100 ml. 
kg./day. 


proportional to the degree of tissue damage. In all 
instances the lesions were similar to those previ- 
ously reported.! 
RESULTS 

The changes in blood pressure and the 
development of lesions have been previously 
reported for bilaterally nephrectomized dogs 
given no fluid, for those given 0.9% NaCl, 
and for the first group of dogs given modified 
Locke’s solution.’ The bilaterally nephrec- 
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lesions (Table 1). The blood pressure has 
been previously presented in graphic form’ 
and is summarized in Table 1 as maximum 
values. 

Blood volume changes in the above three 
groups are also shown in Table 1. The 
nephrectomized dogs given no fluid had 
changes in blood volume ranging from an 
increase of 79 ml. to a decrease of 375 ml. 
(possible error). The dogs given 0.9% NaCl 


x 27 34 35 36 37 39 41 
as, 145 130 130 160 120 120 125 
+18 0 +15 +25 0 
+4 +5 0 +5 0 +5 
a, Maximum change in K*..................... + 44 + 53 + 48 + 5.2 + 4.7 + 56 + 3.7 
Maximum change in —13 -17 0 2 § 
a Change in blood volume.................... +37 —s2 ie —375 +79 +15 +22 
+469 +35 —670 +490 0 +280 
enidaadieiimadsabaiindda 4 4 3 4 6 3 4 
: 
43 44 45 46 53 
Degree of vascular necrosis 11+ 12+ 8+ | 10+ 10+ 
Ae hie 215 170 205 170 230 195 220 
ae ee +50 +80 +30 +95 +70 +85 
+5 +2 +7 0 0 0 
Sey i +12 —5 +5 —3 +3 +3 +11 
ane Ch en * +18 +903 210 +687 +325 —133 
6 


NEPHRECTOMIZED DOGS GIVEN MODIFIED LOCKES SOL 


NEPHRECTOMIZED DOGS GIVEN MIXED ANIONS NEPHRECTOMIZED DOGS GIVEN LOW SODIUM SOL 


The final 10 


Fig. 1—Blood pressure is plotted in millimeters Hg against time in days. 
days of the control period as well as the experimental period (starting at second nephrectomy ) 


are represented. The lines serve to facilitate tracing of changes in individual dogs rather than 


to indicate the blood pressure between the plotted points. 
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solution had similar changes except Dog 28, 
which had an increase in blood volume of 
291 ml. Three of the animals given modified 
Locke’s solution had large increases in blood 
volume (903, 687, and 325 ml.). The re- 
maining animals had changes similar to those 
of the groups above. Although the greatest 
increases in blood volume are seen in the 
three dogs given modified Locke’s solution, 


individual dogs developed pronounced hyper- 
tension without a_ significant change in 
volume. 


Changes in inulin space in the three 
groups of dogs described above are also 
shown in Table 1. There was a slight to 
moderate increase in inulin space in three 


Dogs Given Mixed Cation Solution + (Group 4) 
Dogs Given Low-Sodium Solution t (Group 6) 


of the control dogs, but this was insignificant 


day. 


in comparison with the changes in the dogs 
given 0.9% NaCl and those given modified 
Locke’s solution. The increase in inulin 


ke. 


space is accompanied by an increase in blood 
pressure and vascular lesions in these last 
two groups. However, individual dogs show 
considerable variation in the amount of in- 
crease in inulin space and blood pressure, 
and these variations do not always parallel 
each other. 


Determination of electrolytes was made 
every second day of the experimental period. 
The values reported in Table 1 are the maxi- 
mum variations from the control values. The 


lectrolytes, Blood Pressure, and Vessels in Bilaterally Nephrectomizsed Dogs * 


Dogs Given Mixed Anion Solution t+ (Group 5) 


data show that the plasma potassium became 


Dogs Given Modified Locke's Solution + (Group 3b) 


elevated in all animals; the plasma sodium 
varied from no change to a moderate increase, 


and the chloride from a moderate decrease 
to a moderate increase. In none of these 
plasma electrolyte alterations is there clear- 
cut relationship to the degree of elevation in 
blood pressure or the severity of the lesions 
produced. 


In order to repeat the observation on the 
effect of the modified Locke’s solution and 
to determine the relative effectiveness of 
various ions, the dogs in Groups 3b through 
6 were used. As indicated in Table 2 and 
Figure 1, all four solutions were effective in 
producing hypertension, but the modified 
Locke’s solution is somewhat more effective 


Taste 2.—Summary of Changes in Plasma E 


m change in blood pressure..... 
Maximum change in Cl-............... 


Maximum change in 


1 change in blood pressure......... 
n change in K* 


um blood pressure................ 


Degree of vascular 


Maximur 


+t The solution indicated in the heading of each group was injected intraperitoneally at the rate of 100 mil. 


* All electrolytes are reported in milliequivalents per liter. 


than any of the others. The mixed anion 
460 


A 
+ 

| - +++ + | + | 
+ 
R° R~ 
+ = 
| 
+ 
| 
4 
| 
4 
| 
| 1 
| 

| 
1} 

| 
| 


‘poliad ayy Jo SusyuurFaq ay) syuasaidas Q ul ysurese si Ul pooyq ut asuey)—Z 


2 


SAva SAva 


“WS MOT NBAID S900 40 OA Ni JONVHD 
“WS NOINV G3XIW N3AID S900 4O “OA NI RONVHO 


. 


id 
w 


8 


oO 
o 
‘ 
{ 
‘ 
4 
! ¥ eit . 
838288 7 
INVHO 
< 
Bis 
N JONVHO 
461 


i 


8 
§ 


Fig. 3—Change in extracellular fluid volume (inulin space) in milliliters is plotted against 
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time in days. Day 0 represents the beginning of the experimental period. The lines serve to 
facilitate tracing the changes in individual dogs rather than to indicate the extracellular volume 


between the plotted points. 


solution closely approximated the modified 
Locke’s solution in effectiveness in the pro- 
duction of vascular lesions, and so did the 
mixed cation solution except for two dogs 
(Dogs 107 and 128), which showed very 
little response. Contrary to what might have 
been expected, the low-sodium solution was 
also moderateiy effective in the production 
of lesions. 
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Comparison of blood volume changes in 
these four groups of dogs is shown in 
Figure 2. Although there is a trend toward 
increased blood volume in all of the groups, 
many individual animals show no such in- 
crease. In Figure 3 the changes in inulin 
space for the same four groups of animals 
are shown. All of the animals show marked 
increases, but it should be pointed out that 
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Fig. 4—Blood pressure in millimeters Hg is plotted against time in days. The final 10 
days of the control period as well as the experimental period (starting at second nephrectomy) 
are represented. The lines serve to facilitate tracing the changes in individual dogs rather than 
to indicate the blood pressure between the plotted points. 
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Fig. 5.—Change in blood volume in milliliters is 
plotted against time in days. Day 0 represents the 
beginning of the experimental period. The lines 
serve to facilitate tracing changes in individual dogs 
rather than to indicate the blood volume between 
the plotted points. 
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the individual animals showing the least 
change (1000-1500 ml.) had blood pressure 
elevation and vascular lesions as great as 
individual animals showing 


change (6000-7000 ml.). 


Table 2 also presents the changes in plasma 


the greatest 


electrolyte concentrations. In all four groups 
the potassium was consistently increased to 
about the same degree. The plasma sodium 
changed prominently (decreased) only in the 
group given low-sodium solution. In the 
group given mixed cation solution the plasma 
chloride increased significantly, whereas the 
dogs given low-sodium solution developed a 
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marked decrease in chloride. Very little 
change in chloride occurred in the other 
groups. Hence, it is apparent that these large 
changes in plasma electrolyte composition did 
not parallel the changes in blood pressure and 
the development of lesions. 

In a further attempt to delineate the effects 
of fluid and ions, two additional groups 
(Groups 7 and 8) were used. By giving 
these animals hypertonic solution, it was 
possible to greatly increase the electrolyte 
concentration while adding only a_ small 
amount of water (64-100 cc/day). The 
changes in blood volume (Fig. 5) were small. 
The inulin space (Fig. 6) increased in all 


4o4 


A. M. A. ARCHIVES OF PATHOLOGY 
animals but one (a possible error in tech- 
nique ). 
and in several animals was no greater than 
that in some animals of the control group. 


However, the increase was small 


Examination of Table 3 shows that both 
of these groups of dogs had markedly elevated 
plasma sodium and chloride levels, but it is 
to be particularly noted that the higher 
sodium and chloride levels are found in the 
group of dogs showing a slighter degree of 
vascular lesions. The plasma potassium ele- 
vation was similar to that in the other groups 
studied. Although these two groups of 
animals were shorter-lived than the other 
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Fig. 6—Change in extracellular fluid volume 
(inulin space) in milliliters is plotted against time 
in days. Day 0 represents the beginning of the ex- 
perimental period. The lines serve to facilitate 
tracing the changes in individual dogs rather than 
to indicate the volume between the plotted points. 


experimental groups and had slighter fluid 
changes, they did develop hypertension and 
vascular lesions of moderate degree (Table 3 
and Fig. 4). 

As anticipated in bilaterally nephrecto- 
mized dogs (Muirhead, Jones, Stirman, and 
Lesch *), both experimental and control dogs 
developed markedly elevated B. U. N. levels, 
a decrease in hematocrit values of 5%-10% 
in controls and 10%-20% in experimental 
animals, and a decrease in protein of 1-3 
gm/100 ml. Although many of the dogs 
vomited near the end of the experimental 
period, it was believed that this occurred too 
late to alter the fluid and electrolyte changes 
observed. 
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lectrolytes, Blood Pressure, and Vessels in Bilaterally Nephrectomised Dogs * 


TasLe 3.—Summary of Changes in Plasma I 


NaCl and NaHCOs Solution t 


Dogs Given 10% 


(Group 8) 


Dogs Given 10% NaCl Solution + (Group 7) 


110 % 108 104 106 108 


105 


80 


79 


6.5+ 7+ 
199 
+65 


200 


Degree of vascular necrosis.............+ 


+45 


150 


170 


170 


+55 


180 


+50 


195 


+65 


mum blood pressure.. 


+30 
+54 


+ 3.2 


+h) 


+30 


+ 


mum change in blood pressure..... 


+38 


+13 


+18 


+46 


+50 +48 


+45 


+53 


mum change in 


+ 4.1 


+ 2.6 


mum change in 


+8 


Lost 


+30 


Lost 


Max 


Max 


Max 
Max 


* All electrolytes are reported in milliequivalents per liter. 
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+ The solution indicated in the heading of each group was injected intraperitoneally at the rate of 8.0 mil./ke./day. 
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COM MENT 


Two strikingly constant features in all the 
experimental animals of this study were the 
increase in blood pressure and the increase 
in extracellular fluid (inulin space). This 
relationship of increased blood pressure to 
increased extracellular fluid corroborates the 
observations of Braun Menendez and von 
Euler* on nephrectomized rats and of 
Leonards and Heisler* and Houck* on 
nephrectomized dogs. In the experiments 
reported here, two mechanisms for increasing 
extracellular fluid were used. Groups 2 
through 6 were given large amounts of iso- 
tonic or hypotonic fluid, thus increasing 
extracellular fluid by the addition of exog- 
enous fluid. On the other hand, Groups 7 
and 8 were given small amounts of hyper- 
tonic solution, and the increase in extracellu- 
lar fluid apparently resulted from a shift of 
water from intracellular to extracellular posi- 
tion. In both circumstances hypertension 
developed, although the means of increasing 
extracellular fluid were quite different. 


Since several techniques have been used 
by various investigators to increase extra- 
cellular fluid and all have been consistently 
accompanied by an increased blood pressure, 
it would appear that the nephrectomized 
animal reacts characteristically to increased 
extracellular fluid by the development of 
hypertension. That this is not a simple rela- 
tionship between increased extracellular fluid 
and increase’ blood pressure is indicated by 
the fact that experimental procedures such 
as chronic pericarditis and stenosis of the 
inferior vena cava are followed by increased 
extracellular fluid without associated hyper- 
tension. It seems reasonable, therefore, to 
stress that the nephrectomy is probably a 
factor in the reaction to increased extracellu- 
lar fluid. Furthermore, the fact that animals 
given hypertonic solutions developed hyper- 
tension with increases in extracellular fluid 
similar in degree to the controls suggests 
that electrolyte also plays a role. 


The effect of blood volume in the produc- 
tion of elevated blood pressure and vascular 
disease was also studied. Byrom and Dod- 
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son *° reported vascular lesions resulting from 
a rapid increase in blood volume, but John- 
ston and Moore *' were unable to corroborate 
their observations. In the series of experi- 
ments reported in the present report, change 
in blood volume was determined in 48 dogs 
during the period that they developed hyper- 
tension. Since 24 of the 48 had increases in 
blood volume of 100 ml. or less, increase in 
blood volume does not appear to be a critical 
factor in the development of the increased 
blood pressure or the vascular disease. 

The determination of plasma concentra- 
tions of electrolytes (Na, K, and Cl) was 
disappointing in that there was no parallel 
between change in plasma concentrations of 
electrolyte and the changes in blood pressure 
or vascular disease. The potassium level in- 
creased to approximately the same degree in 
both controls and experimental animals, 
thereby failing to accompany the variation 
in incidence of blood pressure and vascular 
lesion. Contrariwise, the plasma Na and Cl 
were found to vary widely in Groups 2, 4, 
6, 7, and 8 without accompanying consistent 
alteration in blood pressure or vascular dis- 
ease. In fact, it should be pointed out that 
the greatest and most constant change in 
blood pressure and vascular disease occurred 
in the dogs given modified Locke’s solution 
where no appreciable changes in Na and Cl 
occur. 

Although the concentrations of plasma 
electrolytes failed to correlate with changes 
in blood pressure and vascular disease, the 
importance of electrolytes cannot be dis- 
missed. When attention is focused on the 
ionic composition of the administered fluid, 
it is apparent that animals receiving the same 
amount of fluid of different ionic composition 
developed different degrees of hypertension 
and vascular disease. The modified Locke’s 
solution induced greater elevation in blood 
pressure and more consistent vascular disease 
than any of the other solutions used. The 
mixed cation and mixed anion solutions did 
not result in clear differences in the effective- 
ness of these two types of ions. 

Further comparison of the effects of the 
solutions used indicates that the mixed anion 
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is more effective in producing vascular lesion 
than the 0.9% NaCl, and the hypertonic 
NaCl: NaHCOs, solution is more effective 
than the hypertonic NaCl, even though there 
is no apparent difference in their effect on 
blood pressure. The fact that these solutions 
vary from one another by their anionic com- 
position indicates that the anion may be of 
significance in the production of vascular 
lesions and should have careful consideration 
in future studies of hypertensive vascular 
disease. Whether this effect is a direct action 
by a specific ion or whether it is the effect 
of the anion on acid-base equilibrium must 
await further work. 


The low-sodium solution was used princi- 
pally to test the importance of the sodium ion 
under these experimental conditions. The 
importance of this ion in some types of 
experimental hypertension is well docu- 
mented. The potentiating effect on desoxy- 
corticosterone-acetate-induced hypertension 
reported by Selye and Pentz,'* the produc- 
tion of hypertension by oral administration 
of hypertonic NaCl reported by Selye and 
Stone,"* and the potentiating effect of renin- 
and cortisone-induced hypertension reported 
by Masson, Plahl, Corcoran, and Page,'* as 
well as the alterations in Na metabolism ac- 
companying essential hypertension by Green, 
Wedell, Wald, and Learned,’® all indicate 
the importance of this ion. Yet it was possible 
to induce hypertension and vascular disease 
in these animals, even though the adminis- 
tered fluid was very low in sodium and 
caused a marked reduction in the plasma 
sodium levels. The significance of this 
observation is not clear. It may be that the 
importance of the Na ion in the induction 
of hypertension is related to its property of 
inducing fluid retention or altered fluid distri- 
bution. If fluid retention or altered distribu- 
tion is induced by some other means (in this 
instance by overloading nephrectomized dogs 
with fluid), this action of sodium may not 
be of significance. 

The fact that the administration of differ- 
ent electrolyte solutions induced different 
degrees of hypertension and vascular disease 
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EXPERIMENTAL HYPERTENSION 
and the fact that plasma electrolyte levels 
failed to reflect this relationship indicate that 
other techniques must be used if we are to 
gain further understanding. Some indication 
of the type of technique that may be produc- 
tive in this situation has been reported by 
Tobian and Binion.'* By determining the 
electrolyte concentrations in the aortic wall 
of hypertensive animals, these workers found 
changes that were not apparent in other 
organs. It may be that the true significance 
of electrolyte alterations will become apparent 
only as such studies are pursued further. 


Finally, the opinion expressed in our first 
paper should be repeated: The absence of 
the kidneys in these experiments rules out 
the presence of a renal pressor substance as 
a factor in the hypertension reported here. 
Kolff, Page, and Corcoran'’ have made 
studies with animals made hypertensive by 
this technique and have obtained evidence 
that supports the above opinion. Further- 
more, the rapidity with which hypertension 
develops under these conditions casts doubt 
on the hypothesis that hypertension results 
from the accumulation of a pressor substance 
normally inactivated or excreted by the intact 
kidney. Kolff and Page '* have shown, how- 
ever, that the kidney cannot be excluded from 
consideration, even though it has been re- 
moved. They have transplanted kidneys from 
normal dogs into the carotid and jugular 
vessels of a dog made hypertensive by the 
technique reported here and have found that 
blood pressure returns to normal in about 
two hours. Transplantation of other organs 
had no such effect. It may be, therefore, 
that the kidney normally stabilizes fluid and 
electrolyte distribution throughout the body 
by some mechanism as yet unknown. If such 
a stabilizing mechanism were lost (by ne- 
phrectomy), the introduction of a fluid load 
might lead to alterations in fluid and electro- 
lyte distribution that would not otherwise 
occur. Under such circumstances the vascu- 
lar system might be placed under a stress 
that would lead to hypertension and vascular 
disease. 


AND CARDIOVASCULAR DISEASE 


CONCLUSIONS 


1. Hypertension and arterial necrosis are 
produced within very short periods of time in 
bilaterally nephrectomized dogs by intraperi- 
toneal injection of a variety of electrolyte 
solutions. 


2. The increased extracellular fluid in- 
duced by this technique is consistently ac- 
companied by hypertension, but no such 
relationship between blood volume and hyper- 
tension is apparent. 


3. The electrolyte composition of the fluid 
appears to be a factor in the degree of hyper- 
tension and vascular disease induced, and the 
anionic composition may be of particular 
significance in the development of the vascu- 
lar disease. 
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IV. The Relation of the Composition of the Blood Lipids to Atherosclerosis 


in Experimental Hyperlipemia 


EDWIN F. HIRSCH, M.D. 
and 
RICHARD NAILOR, Ph.D., Chicago 


The quantitative estimation of the lipids 
and of their fractions by chemical methods 
is the accepted analytical procedure and that 
by which other methods of lipid analysis 
are standardized. The quantitative separa- 
tion of a lipid extract into fractions may 
seem to be approximated only, because the 
fractions themselves are mixtures. This is 
true especially of the neutral fat and of the 
phospholipid fractions, in which several fatty 
acids may participate in the composition of 
the compounds. The chemical methods gen- 
erally prescribed for lipid analysis with 
separation of the fractions require fairly 
large amounts of extract, which in turn 
demand considerable original tissue material. 
Studies of the total lipids of the blood and 
of their fractional distribution in health and 
disease have been thwarted previously be- 
cause methods for making these determina- 
tions with small amounts of serum had not 
been devised. The exception to this state- 
ment, of course, is the cholesterol of the 
blood. The systems first devised for the 
colorimetric estimation (microanalysis) of 
the constituents of the blood in small 
samples included directions for measuring 
the cholesterol content. Since then, countless 
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reports on the cholesterol content of the 
blood have been published. 

Fluctuations in the amount of cholesterol 
in the blood are considered significant in 
various disorders. Some investigators and 
clinicians regard the cholesterol value as 
an index for the level of all of the other 
lipid fractions of the blood. This opinion 
rests upon a certain amount of presumption, 
because parallel quantitative determinations 
of the other fractions of the total lipids of 
the blood generally have not been investi- 
gated and, when this has been done, varia- 
tions have been observed, especially of the 
neutral fat fraction, independent of the 
cholesterol values. Or, variations in all frac- 
tions have been noted, more in one than in 
the others. 


The lipids of the blood are transported 
in the plasma as emulsified particles of mixed 
chemical composition, suspended in an 
aqueous medium containing organic and in- 
organic solutes. Thus, there are two systems 
in the blood—the one, the lipid suspension, 
the other, the aqueous—in which the lipid 
is emulsified. Each system has a solvent in 
which solutes are dissolved. For practical 
purposes the lipids of the blood consist of 
three main classes: (1) the neutral fats, 
namely, the triglycerides of the saturated 
and the unsaturatea fatty acids; (2) the 
phosphatides, such as the cerebrosides and 
the ceramides, which are closely related in 
chemical structure to the neutral fats, and 
(3) the sterols, cholesterol and its esters. 
The neutral fats are mixed triglycerides, 
aud each triglyceride usually is constituted 
chemically according to the simple principle 
proposed by Hilditch.t According to this 
principle, as soon as a given fatty acid forms 
about 35% of the total fatty acids in a fat, 
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it will occur at least once in every tri- 
glyceride molecule, and no simple triglycer- 
ides containing three groups of the same 
fatty acid will occur until such an acid 
forms nearly two-thirds or more of the total 
fatty acids. Each fatty acid accordingly 
competes independently of the others for 
union with glycerin. The formula fails to 
describe accurately the general triglyceride 
structure of animal fats in only two classes: 
(1) animal depot fats unusually rich in 
mixed glycerides containing stearic groups 
and (2) milk fats, in which the lower sat- 
urated acids from butyric to lauric occur 
in appreciable amounts (13%). 

The monoaminomonophosphatides, lecithin 
and cephalin, are choline and cholamine 
phosphoric acid esters which have replaced, 
respectively, one of the three fatty acid 
radicals of a triglyceride fat. These diglycerol 
esters, lecithin and cephalin, thus are com- 
pounds chemically similar to neutral fats. 
According to Thannhauser, 70% to 90% 
of the total phospholipids of the serum may 
be evaluated as lecithin. Cholesterol, the 
significant sterol of the blood, is chemically 
a monatomic alcohol, solid at body tempera- 
ture. It combines with a single fatty acid 
to form an ester compound, The cholesterol 
esters containing the higher saturated fatty 
acids, such as stearic, are solid at body 
temperature ; those of the lower unsaturated 
fatty acids (oleic) are liquid or semiliquid. 
Cholesterol esters form normally 70% to 
75% of the total serum cholesterol. 

The esterified fatty acids occur in the 
chemical composition of all lipid fractions 
except the free cholesterol. The fatty acids 
in both the phospholipid and the cholesterol 
ester fractions probably follow the rule of 
Hilditch as applied to neutral fats. Accord- 
ingly, in the presence of a large percentage 
of the neutral fats liquid at body temperature, 
similar fatty acids will occur in the phos- 
pholipid and in the cholesterol esters; 
whereas in the presence of a high percentage 
of the solid neutral fats these fatty acids 
will appear also in the phospholipid and 
cholesterol ester fractions. These compounds, 
however, are solid at body temperature and 
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require a fat solvent for solution. Thus, fatty 
acids are significant integral constituents of 
the three main fractions of the blood lipids, 
free cholesterol being the only exception. 

The general practice of measuring the 
cholesterol content of the blood in a large 
measure can be related to the ease with 
which its value is determined with small 
amounts of blood. Moreover, great emphasis 
has been given to the cholesterol content 
of the blood in the evolution of athero- 
sclerosis. This focused interest in the cho- 
lesterol content of the serum in various dis- 
orders has occurred without realization that 
the proportion of this fraction does not 
always parallel the neutral fat and the phos- 
pholipid fractions. Bauer and Hirsch,’ in 
1949, published a method for the colorimetric 
estimation of the total esterified fatty acids 
in small amounts of serum. Later this method 
was reevaluated, modified slightly, and more 
closely standardized.* This method has been 
used in evaluating the esterified fatty acids 
in the blood lipids of normal human adults,* 
of infants and children,’ of patients with 
diabetes,* of children with fibrocystic dis- 
ease of the pancreas,’ and of rabbits with 
experimentally produced disorders.¢ These 
studies have disclosed that the amount of 
the esterified fatty acids and their distribu- 
tion in the three main classes of the blood 
lipids may vary greatly from the normal 
fasting level. They also have demonstrated 
that the quantitative distribution of the 
esterified fatty acids in the three main lipid 
fractions of the blood are significant data 
in the evaluation of hyperlipemic disorders. 

In a previous report *' the composition o. 
the emulsified lipids in the blood at the 
fasting level and in the various forms of 
hyperlipemia was likened to a solvent and 
its solutes, the proportions of which can 
vary. The fats liquid at body temperature, 
such as olein, are the solvents for those solid 
at body temperature. At the one extreme, 
in some lipemias, the solvent lipids are in 
excess, as with simple postprandial hyper- 


* References 6 and 7. 
+ References 8, 9, and 10. 


; 


ATHEROSCLEROSIS 


lipemia, the early phases of idiopathic 
hyperlipemia, most forms of diabetic hyper- 
lipemia, and some of the lipemias associated 
with nephritis in the human (nephrosis) or 
produced experimentally in animals. At the 
other extreme, the solutes approach the 
supersaturation level, as in the experimental 
feeding of cholesterol to rabbits and other 
animals, with the production of athero- 
sclerosis, and in diabetics and other patients 
with xanthomatosis. Persistence of the im- 
balance when the lipid solute is in excess 
occurs in rabbits given food enriched with 
cholesterol, and lipids containing large 
amounts of cholesterol are deposited in the 
lining of the aorta and in many other tissues 
of the body. 

In a previous report'' we investigated 
the effects of feeding lipids containing a 
large content of the solvent liquid fats on 
the lipids of the blood and other tissues 
in the rabbit, the test animal used in many 
studies on the experimental production of 
atherosclerosis. Rabbits received a balanced 
unrestricted diet supplemented daily by 15 
to 50 cc. of emulsified fat (cream) given 
by gavage. The cream has a high content 
of solvent fats, especially olein, and contains 
about 36% fat with a mixed composition as 
follows : 


Butyric acid 
Caproic acid 
Caprylic acid 
Capric acid 
Lavric acid 
Myristic acid 
Palmitic acid 
Stearic acid 
Oleic acid 


Cream contains 0.1% total cholesterol and 
0.3% to 0.4% phospholipids. 

Rabbits fed thus became hyperlipemic in 
a week or 10 days. The neutral fats, the 
phospholipids, and the cholesterol fractions 
participated in the lipid increase during this 
phase of hyperlipemia (Fig. 1). As the daily 
feeding of cream continued, especially with 


larger quantities, the hyperlipemia increased, 
and at these higher levels the neutral fat 
fraction increased more than the others. 
When the esterified fatty acids of the blood 
exceeded appreciably 20 to 30 mEq/liter, 
the rabbits had an acute metabolic dis- 
turbance, with diarrhea; sudden marked rise 
of the total esterified fatty acids of the 
blood, chiefly of the neutral fat fraction ; 
hyperglycemia, and azotemia, and they died. 
The livers of these animals had marked fatty 
changes. There were no lipid deposits in 
the aorta and other tissues. This acute meta- 
bolic disorder with hyperlipemia, in which 
the lipids of the blood have a high neutral 
fat content, contrasts with the chronic wast- 
ing disorder observed in rabbits fed cho- 
lesterol. These cholesterol-fed rabbits also 
become hyperlipemic, but the lipids of the 
blood have a disproportionately high content 
of free cholesterol and cholesterol esters. 
The solvents in the emulsified lipids of 
the blood are those liquid at body tempera- 
ture, chiefly the neutral fats (olein). The 
lipids dissolved in this medium are those 
solid at body temperature, such as choles- 
terol, certain of its esters, and other lipid 
compounds such as palmitin and stearin. We 
found that the blood lipids in the hyper- 
lipemia produced in rabbits with a cream 
diet have a large content of neutral fat 
(solvent) and probably reflect in composi- 
tion the lipids of the cream fed. Lipids of 
the blood in the hyperlipemia of this com- 
position are not deposited in the lining of 
the blood vessels and in the reticulo- 
endothelial tissues of the animal. As stated, 
the livers of these rabbits had marked fatty 
changes. However, with the hyperlipemia 
produced in rabbits fed cholesterol and 
where the lipids have a high content of solute 
(cholesterol and its esters), lipids of this 
composition are deposited in the reticulo- 
endothelial tissues of the body and atheromas 
containing lipophages laden with lipids ap- 
pear in the lining of the aorta and the arteries. 
The differences in the effects of these chemi- 
cally dissimilar hyperlipemias on the reticulo- 
endothelial and other tissues of the rabbit 
stand in sharp contrast. It is possible also 
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Fig. 1.—Graphs illustrating the composition of the lipids of the blood in the hyperlipemia of 


rabbits with a diet supplemented by cream. 


that lipids deposited in the proportions pre- 
vailing in the circulating blood lipids, after 
deposition in tissues, become dispropor- 
tionate by utilization of the solvent lipids 
faster than the solute lipids or by an accumu- 
lation of the solutes. The lipid mixture thus 
acquires the composition which- is capable 
of stimulating tissue reactions. 

The relationship between the hypercholes- 
teremia and of the aorta 
produced experimentally in rabbits and other 
animals with diets to which cholesterol has 
been added is well established. Although 
hypercholesteremia in rabbits fed cholesterol 
always preceded the deposition in the tissues 
of cholesterol, Weinhouse and Hirsch ** ob- 
served no direct correlation between the 
height or duration of the hypercholesteremia 
and the severity of the atherosclerosis. How- 
ever, these studies were made when a method 
had not been developed for determining the 
separate lipid fractions in small amounts of 
blood, by which frequent estimations of the 
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fractional distribution of the lipids in the 
hyperlipemia of each animal could be made. 
uch serial analysis could disclose signifi- 
cant variations in the composition of the 
blood lipids from the initial normal and 
thus afford data for a possible correlation 
of the composition of the lipids in the ex- 
perimentally produced hyperlipemia and the 
occurrence of the atherosclerosis in rabbits 
fed cholesterol. 


Hypercholesteremia occurs regularly in 
the evolution of experimental atherosclerosis 
in animals and is considered a primary 
requisite. The tissues of the rabbit or of 
other animals chosen for the experimental 
feeding are initially believed to be normal. 
Yet as hyperlipemia develops, atherosclerotic 
lesions appear in the aorta and lipid deposits 
occur in other tissues, chiefly the reticulo- 
endothelial, of the body. The experiments 
actually should be considered a study of the 
relation or role of a hyperlipemia to the 
evolution of atherosclerosis in the tissues 
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of a basically normal animal. The athero- 
sclerotic lesions in the aorta appearing in 
these animals are not distributed diffusely 
in the lining, but rather are focal deposits 
in the aortic arch, along the posterior wall 
of the descending aorta, about the ostiums 
of the intercostal arteries, and at the bifurca- 
tion of the aorta into the iliac arteries. 
Similar loci of distribution are observed in 
atherosclerosis of the aorta in the human. 
‘Accordingly, there is rather clear evidence, 
in the animals used for experimental pur- 
poses and in the human, that structural tissue 
factors are concerned with the actual deposi- 
tion of the lipids circulating in the blood. 
Thus, the hyperlipemia with the lipid com- 
position characteristics which occurs experi- 
mentally when animals are fed cholesterol 
becomes the dominant factor in the produc- 
tion of atherosclerosis, but associated with 
this is a structural factor of the arterial tis- 
sues which determines the sites of deposition, 
Aortic and arterial tissues, structurally con- 
stituted or modified by whatever agents and 
rendered susceptible, thus become loci for 
lipid deposits, the initial phase of athero- 
sclerosis. 

Hyperlipemia is important in the evolu- 
tion of experimental atherosclerosis, but 
much more significant can be the fractional 
content of the lipids in this hyperlipemia, 
as the experiments in cream-fed rabbits dis- 
closed. In contrast with the hyperlipemia 
of cream-fed rabbits, the experimental hyper- 
lipemia of cholesterol-fed animals, with its 
disproportionately high content of cholesterol 
and its esters, is associated with focal de- 
posits in aortas which initially are not 
diseased but apparently have structurally 
susceptible loci. Factors in tissues rendering 
them susceptible thus are significant in the 
actual deposition of the lipids circulating in 
the blood. 

The lipids circulating in the blood plasma 
are an emulsion distributed in particles that 
vary in size.’*° Under ordinary conditions 
these particles are small and constitute the 
so-called “blood dust.” In hyperlipemia the 
emulsion includes particles of larger dimen- 
sion, readily visible under the microscope 


and giving to such serums an opalescence. 

Because the composition of the lipids of 

the blood in hyperlipemia seems to be 
significant in the evolution of experimental 
atherosclerosis in rabbits, further investiga- 
tions of this hyperlipemia factor in rabbits 
were made. Due regard must be given to 
the relatively short duration of most of the 
experiments on atherosclerosis in animals. 
Speculation on the influence of a much longer 
time can be presumptuous, because of un- 
controllable variables. 

The methods for blood lipid analysis are 
the same as those published in a previous 
report,"' except for a slight modification of 
the method for cholesterol, which gave com- 
parable results. Four rabbits were fed cream 
with 1% cholesterol. This is a saturated 
solution, with an excess of the cholesterol 
in the cream at room temperature. These 
rabbits became hyperlipemic to a level con- 
siderably above that observed in rabbits fed 
cream only. All fractions of the blood lipids 
participated in this increase, the free cho- 
lesterol and the cholesterol esters gradually 
exceeding the increase of the other fractions, 
although there were some variations in this 
respect. The acute metabolic death observed 
in rabbits fed only cream occurred also 
among these animals, and when it happened 
the neutral fat fraction of the blood lipids 
rose disproportionately to a high level. Small 
atheromas were found in the arch and about 
the openings of the intercostal and other 
arterial branches of the aorta in Rabbit 2 
and Rabbit 5, fed for 154 and 140 days, 
respectively. Rabbit 1 and Rabbit 4, fed 
for 55 and 120 days, had no lesions. 

The graphs in Figures 4-6 inclusive illus- 
trate the evolution of the hyperlipemia and 
the distribution of the blood lipids in the 
neutral fat, the phospholipid, and the esteri- 
fied and free cholesterol fractions in three 
of the four rabbits given daily by gavage 
25 to 50 cc. of cream containing 1% cho- 
lesterol supplemental to a regular balanced 
chow diet. The graphs illustrate the progres- 
sive increase in the level of the hyperlipemia 
and demonstrate that all fractions participate 
roughly proportionately in this increase ex- 
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Fig. 2.--Graphs illustrating the composition of the lipids of the blood in the hyperlipemia in 
rabbits with a diet supplemented by cream containing 0.5% cholesterol. 
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Fig. 3.—Graphs illustrating the composition of the lipids of the blood in the hyperlipemia in 
rabbits with a diet supplemented by cream containing 0.5% cholesterol. 
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Fig. 4.—Graphs illustrating the composition of the lipids of the blood in the hyperlipemia in 
rabbits with a diet supplemented by cream containing 1% cholesterol. 


cept for those abrupt elevations where the 
neutral fat increased more than the others, 
especially in an acute toxic phase. Rabbits 
2 and 5, fed for 150 and 140 days, respec- 
tively, had several small plaques in the 
lining of the arch of the aorta, around the 
ostium of intercostal arteries, or elsewhere. 
The liver of each rabbit had marked fatty 
changes. The cytoplasm of the liver cells 
in Rabbits 1 and 4 had large droplets of 
lipids; the cytoplasm of the liver cells in 
Rabbits 2 and 5 had many small droplets. 
A few mononuclear phagocytes in other 
tissues had small globules of lipid. None of 
these rabbits fed cream with 1% cholesterol, 
even the two with small plaques in the 
aorta, had the lipid saturation of tissues 
which occurs in rabbits fed large quantities 
of cholesterol without cream. Two others, 
Rabbits 13 and 14, received cream with 
0.5% cholesterol for 105 and 170 days, re- 
spectively. The graphs in Figures 2 and 3 
illustrate the evolution of the hyperlipemia in 
these animals and the increase in the fractions 


of the blood lipids as this progressed. All 
fractions of the blood lipids participated in 
the total increase, and the values plotted 
formed graphs comparable to, if not fully 
identical with, those expressing the values 
obtained in rabbits fed cream with 1% 
cholesterol. 

Many reports have been published on the 
experimental production of atherosclerosis 
in rabbits and other animals by feeding 
cholesterol.'* Hyperlipemia is accepted as a 
significant factor in the evolution of the 
aortic and arterial deposits. However, few 
studies have included more than brief com- 
ments on the composition of the blood lipids 
in the hyperlipemic stage. The composition 
of the blood lipids in the hyperlipemia of 
experimental atherosclerosis deserves in- 
vestigation, because such analyses may afford 
significant data in relating the chemical com- 
position of the lipids of the blood to their 
deposition in the lining of blood vessels. 
For comparison with the composition of the 
hyperlipemia of rabbits fed 1% and 0.5% 
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Fig. 5.—Graphs illustrating the composition of the lipids of the blood in the hyperlipemia in 
rabbits with a diet supplemented by cream containing 1% cholesterol. 


cholesterol in cream, other rabbits were fed 
cholesterol without cream. These rabbits re- 
ceived a standard chow ration over which 
an ether solution of cholesterol was poured 
and the solvent evaporated. The amounts 
of cholesterol added to the diet in this way 
were moderate, not excessive. The evolution 
of the hyperlipemia in these cholesterol-fed 
rabbits and the distribution of the neutral 
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fat, phospholipids, cholesterol esters, and 
free cholesterol are plotted in the graphs of 
Figures 7 and 8. Within two weeks the total 
lipids increased abruptly 7- to 10-fold, with 
the maximum rise in the cholesterol ester 
fraction. At the peak level the cholesterol 
fraction in one rabbit had increased to 45 
times the initial value; the phospholipids 
to 9 times, and the neutral fat, to 4.5 times. 
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Fig. 6.—Graphs illustrating the composition of the lipids of the blood in the hyperlipemia in 
rabbits with a diet supplemented by cream containing 1% cholesterol. 


As the feeding continued with approxi- 
mately the same amount of the cholesterol 
in the food quantity offered, the hyper- 
lipemia decreased gradually, all fractions 
participating ; then, at the 139th day, larger 
amounts of the cholesterol in ether solution 
were added to the food offered, and the 
blood lipids increased with approximately 
the same lipid fraction distribution as oc- 
curred at the beginning. 

These experiments disclose that fluctua- 
tions may occur in the degree of the hyper- 
lipemia in animals fed cholesterol. The 
analyses of the blood lipids during this 
experimentally induced hyperlipemia dem- 
onstrated a markedly disproportionate 45- 
fold increase of the cholesterol fraction as 
compared with the 9-fold increase of the 
phospholipids and the 4.5-fold increase of 
the neutral fat. The nonprotein nitrogen 
and sugar values of the blood in this form 
of hyperlipemia remained unchanged during 


the feeding experiment. A significant fea- 
ture disclosed by these studies is the ability 
of the rabbit’s metabolism to provide the 
large content of fatty acids for the neutral 
fat fraction, the phospholipid fraction, and 
especially for the cholesterol ester fraction 
in the increased lipids of the blood. Another 
item of interest is the relatively constant 
maintenance of a 70% to 75% ratio of 
cholesterol ester to the total cholesterol 
fraction in the blood lipids. The marked 
differences in the fractional distribution of 
the lipids of the blood in the hyperlipemias 
produced in rabbits by supplemental feeding 
of cream, cream containing 0.5% cholesterol, 
cream containing 1% cholesterol, and cho- 
lesterol without cream are graphically com- 
pared in Figure 9. 

For the purpose of expressing quantity 
ratios between solvent and solute in the 
hyperlipemias of these groups of rabbits, 
the mEq/liter of fatty acids contained in 


477 


Cholesterol 


200 
n 
a 404 150 NPN ; 
z 
20° 100 
. 
60 
° 
VAS— 
20 
id 


A. M. A. ARCHIVES OF PATHOLOGY 


Rabbit 1/ 
Chol. in pellets) 
w 
Total Esteritied 
Fatty Acids 
Neutro! Fat 
Fatty Acids Pail . 
Meq/L 
Cholesterol E ster 
\ / Free Cholesterol 
“ Total Cholesterol 
So4 
Time in duys 


Fig. 7—Graphs illustrating the composition of the lipids of the blood in the hyperlipemia in 
rabbits with a diet containing cholesterol without cream. 
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Fig. 8.—Graphs illustrating the composition of the lipids of the blood in the hyperlipemia in 
rabbits with a diet containing cholesterol without cream. 
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the neutral fat and phospholipid fractions 
were placed in ratio with the mEq/liter 
contained in the acids of the cholesterol 
ester fraction, to which was added the the- 
oretic amount of mEq/liter of fatty acids 
that would be bound by the free cholesterol. 
This correction was simple, because choles- 
terol esters are consistently about 75% of 
the total cholesterol. Theoretically, the fatty 
acids in the blood lipids of the rabbits given 
cream should be largely of the kinds con- 
tained in cream. Table 1 expresses a series 
of these ratios in the hyperlipemias which 
developed in rabbits fed cream; Table 2, 
in rabbits fed cream fortified with 0.5% 
cholesterol; Table 3, in rabbits fed cream 
fortified with 1% cholesterol, and, finally, 
in Table 4, in the hyperlipemia of rabbits 
fed cholesterol without cream. 

These results demonstrate that the chemi- 
cal characteristics of the lipids and the 
amount of their increase in the hyperlipemia 
produced in rabbits by feeding cream differ 
from those observed in the hyperlipemia 
produced in rabbits by feeding cream with 
added amounts of cholesterol (0.5% or 1%) 
and by feeding cholesterol without the cream 
solvent. In the cream-fed group the ratio 
(as expressed in this report) of solvent to 
solute in the hyperlipemia is maintained at 
or above the initial base level; in the group 
fed cream with cholesterol, this ratio shifts 
and the solvent factor in the ratios drops 
below 1, and in the third group of rabbits, 
fed cholesterol without cream, the shift in 
ratio of solvent to solute drops far below 
1:1. The graphs in Figures 1 to 8 inclu- 
sive demonstrate further that with this shift 
to ratios of less than 1:1, the degree of 
hyperlipemia becomes greater and in the 
cholesterol-fed group reaches the highest 
level. Such a degree of hyperlipemia, if 
produced in rabbits by feeding cream, would 
cause promptly an acute metabolic death 
associated with hyperglycemia and marked 
elevation of the nonprotein nitrogen ele- 
ments of the blood. The composition of the 
blood lipids in the hyperlipemia with cho- 
lesterol feeding is associated with lipid 


Distribution of esterified 
fatty acids in blood lipid fractions 


Nevtral Fat 
Phospholipid 
Cholesterol Ester 
Free Cholesterol 


Fig. 9—The amounts of the total lipids of the 
blood and of their fractions in the normal rabbit 
and in the hyperlipemic rabbits given cream, cream 
with 0.5% cholesterol, cream with 1% cholesterol, 
and cholesterol without cream are represented in 
the vertical bars. 


saturation of the reticuloendothelial tissues 
and with deposits in the lining of the aorta 
and its branches. 

The content and fractional distribution 
of the lipids in the plaques of the aorta of 
these rabbits were determined. The content 
and fractional distribution of the lipids in 
the plaques of the aorta in Rabbits 13 and 
15, that had been given cream containing 


479 


Ya % Chol. 
io Cream 
75 
1% Chol. 
in Cream 
30 60 days 
Cream Y 
Y N 
\ 
= 
\ N 
\ 
N \ : 
\ \ 
\ 
\ 


Taste 1.—Analyses of the Blood Lipids in the Hyperlipemia of Rabbits Fed Cream Expressed 
in Ratios of Solvent (Neutral Fat Plus Phospholipid) to Solute (Total Cholesterol) 


Esterified 
Total Fatty Acids in 
Esterified Esterified Cholesterol 
Fatty Acids Fatty Acids in Ester Frac- 
(Without Free Neutral Fat and tion with Free 
Duration Cholesterol Phospholipid Cholesterol 
of Feeding, Correction), Fractions, Correction, 
Food Days mEq./L. mEq./L. mEq./L. 
Chow diet with cream 
Rabbit L 


o ow 


Rabbit F 
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TasBLe 2.—Analyses of the Blood Lipids in the Hyperlipemia of Rabbits Fed Cream with 0.5% 


Cholesterol Expressed in Ratios of Solvent (Neutral Fat Plus Phospholipid) 
to Solute (Total Cholesterol) 


Esterified 
Total Fatty Acids in 
Esterified Esterifled Cholesterol 
Fatty Acids Fatty Acids in Ester Frac- 
(Without Free Neutral Fat and tion with Free 
Duration Cholesterol Phospholipid Cholesterol 
of Feeding, Correction), Fractions, Correction, 
Food Days mEq./L. mEq./L. mEq./L. 
Chow diet with cream plus 0.5% 
cholesterol 


Rabbit 13 


3 
20 
15 
7 
23 


21 
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Taste 3.—Analyses of the Blood Lipids in the Hyperlipemia of Rabbits Fed Cream with 1% 
Cholesterol Expressed in Ratios of Solvent (Neutral Fat Plus Phospholipid) 
to Solute (Total Cholesterol) 


Esterified 
Total Fatty Acids in 

Esterified Esterifled Cholesterol 

Fatty Acids Fatty Acids in Ester Frac- 
(Without Free Neutral Fat and tion with Free 

Duration Cholesterol Phospholipid Cholesterol 

of Feeding, Correction), Fractions, Correction, 

Food Days mEq./L. mEq./L mEq./L. 
Chow diet with cream plus 1% 
choles\erol 


Rabbit 5 


ROBBIE 


* Acute death; blood sugar level 290 » N, 126 mg. per 100 ee. 
t Acute death; blood sugar level 520 mg. N, 75 mg. per 100 ce. 


Ratio 
2:1 
20 14.5 1.8:1 
46 39 31.5 2.7:1 
80 40 34.0 3.7:1 
40 10.5 2.3:1 
= 80 28 18.5 24:1 
120 15.0 1 1.2:1 
160 11.0 2.2:1 
180 11.5 3.3:1 
= 
21 31 17 0.86:1 
42 25 0.98:1 
63 35 22 
2 13 0.6:1 
105 123 
= 30 13 8 1.6:1 
43 22 0.81:1 
rp 156 49 28 0.96:1 
ae 23 18 13 9 14:1 
oe 63 18 10 11 0.91:1 
ae 119 39 20 25 0.8:1 
ae 140 40 20 26 0.77:1 
14 
0 8 7 1.5 46:1 
38 23 19 13 14:1 
80 27 18 0.77:1 
119 12 15 0.8:1 
140 31 12 26 0.46;1 
ne 154 34 19 20 0.9:1 
156 157+ 
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Taste 4.—Analyses of the Blood Lipids in the Hyperlipemia of Rabbits Fed Cholesterol Without 
Cream Expressed in Ratios of Solvent (Neutral Fat Plus Phospholipid) 
to Solute (Total Cholesterol) 


Esterified 
Fatty Acids in 
Cholesterol 
Ester Frae- 
tion with Free 
Cholesterol 
Correction, 
mEq./L. 


Total 
Esterified Esterified 
Fatty Acids Fatty Acids in 
(Without Free Neutral Fat and 
Cholesterol Phospholipid 
Correction), Fractions, 
mEq./L mEq./L. 


Duration 
of Feeding, 


Food Days 


Chow diet plus cholesterol 
Rabbit 10 


= 


Rabbit 11 


62 

118 
125° 
167 


wo 


* The amount of cholesterol solution in the pellets was increused. 
TasLe 5.—Total and Fractional Lipid Analyses of 
Aortic Plaque Compared with Corresponding 
Analyses of an Average Serum Sample in 
Rabbit 13, Fed 0.5% Cholesterol 
in Cream 


than the concentration of the total lipids 
and the lipid fractions of the blood. The 
total cholesterol fraction of the plaques in 
each rabbit had a comparable increase over 
that of the serum, and in Rabbit 15 the 
plaque total cholesterol was increased 16.5- 
fold. 

Similar comparative analyses of the blood 
lipids in the hyperlipemic rabbits fed a chow 
diet to which cholesterol had been added 


Ratio of 


Plaques, 
mEq./Kg. 
414 
93.4 
160 
158 


mEq./L. 
48.8 
11.6 
27.9 
9.3 


(mEq./Kg.) 
1:8.43 
1:8.05 
1:7.2 
1:17 
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TaBLe 6.—Total and Fractional Lipid Analyses of 
Aortic Plaque Compared with Corresponding 
Analyses of an Average Serum Sample in 
Rabbit 15, Fed 0.5% Cholesterol 
in Cream 


Cholesterol 


Serum, 
Gm./L. 


Plaques, 
Gm./Kg. 


Ratio, Ester/Total.. 


Ratio of 
Serum 


0.5% cholesterol, are given in Tables 5 and 
6 and compared in ratios with an average 
analysis of the lipids of the blood during 
hyperlipemia of each rabbit. The cholesterol 
values also are compared. These comparative 
analyses disclose that the lipid deposits of 
the plaques in the aorta have a mixed chemi- 
cal composition similar to the composition 
of the lipids in the blood, and per tissue 
weight the plaque lipids are in total, and 
in the separate fractions, many times more 


Phospholipid 
Cholesterol ester 
Neutral fat 


Ratio, Ester/Total.. 


Esterified Fatty Acids 


Serum, Plaques, 
mEq.j/L. mEq./Kg. 


49 500 
13.8 
21.3 
13.9 


87 
334 
79 


Cholesterol 
Serum, 
Gm./L. 
11.0 
2.7 
8.25 


75% 


Gm./Kg. 
181.6 
52.5 
129.2 
71.3% 


Plaques, 


(mEq./L.) 
to Plaque 
(mEq./Kg.) 


1:10.2 
1:6.25 
1:15.7 
1:5.7 


gt 
> 
Ratio 
50 18 0.42:1 
49 18 0.43:1 
36 17 0.65:1 
34 12 0.41:1 
25 12 0.66:1 
42 16 0.45:1 
34 82 37 0.61:1 ee 
57 28 0.7:1 
46 21 06:1 
24 16 18:1 
60 28 31 0.9:1 
Esterified Fatty Acids Serum 
Serum, to Plaque 
Total, 
—A~— 
Total... 13.4 101.7 1:7.6 
1:16.5 
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and the associated aortic plaques are given 
in Tables 7 and 8. 

These analyses demonstrate that the lipids 
in the plaques of the aortas of these rabbits 
are mixtures similar in composition to the 
lipids of the blood, and in their total and 
in their fractions are increased many times 
over the values of the circulating serum 
lipids. The ratios expressing these increases 
are much greater in Rabbits 10 and 11, fed 
cholesterol without cream, than in Rabbits 
13 and 15, given 0.5% cholesterol in cream. 
The comparative ratios for the cholesterol 
fractions of the serum and the aertic plaques, 
especially, emphasize the increase in the 
amounts in the plaques, but with fairly close 
maintenance of a 70% ratio of ester to 
total cholesterol. This is not to say that 
with time, or other factors, such a ratio 
would persist. 


Histological examinations of the livers of 
the two cholesterol-fed rabbits, Rabbits 10 
and 11, demonstrated extensive lipid de- 
posits in the phagocytes, focal infiltrations 
of large lipophages, and fatty changes of 
the hepatic cells. The portal systems of 
Rabbit 10 had focal cellular infiltrations, 
and the liver of Rabbit 11 had a marked 
generalized periportal cirrhosis with marked 
proliferation of the bile ducts. Specific stains 
demonstrated large deposits of lipids, chiefly 


Taste 7.—Total and Fractional Lipid Analyses of 
Aortic Plaque Compared with Corresponding 
Analyses of an Average Serum Sample in 
Rabbit 10, Fed Cholesterol Without 
Cream 


Ratio of 
Esterified Fatty Acids Serum 
(mEq./L.) 
Serum, Plaques, to Plaque 
mEq./L. mEq./Kg. (mEq./Kg.) 
42.5 667 1:15.7 
Phospholipid........ &.3 132 1:15.9 
Cholesterol ester..... 22.5 422 1:18.7 
Neutral fat.......... 11,7 113 1:9.65 
Cholesterol 
Serum Plaques, 
Gm./1 Gm./Kg. 
12.1 245 1:20.2 
3.39 81.88 1:%4.1 
8.71 163.1 1:18.7 
Ratio, Ester/Total.. 71.3% 66.6% 
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Taste 8.—Total and Fractional Lipid Analyses of 
Aortic Plaque Compared with Corresponding 
Analyses of an Average Serum Sample in 
Rabbit 11, Fed Cholesterol Without 


Cream 


Ratio of 
Esterified Fatty Acids rum 
(mEq./L.) 
Serum, Plaques, to Plaque 
mEq./L. mEq./Kg. (mEq./Kg.) 
58.0 803 1:13.8 
Phospholipid........ 11.1 191 1:17.2 
Cholesterol ester..... 26.1 423 1:16.83 
Neutral fat.......... 20.8 189 1:9.1 
Cholesterol 
Serum Plaques, 
Gm./L Gm./ Kg. 
14.3 268 1:18.7 
42 105 1:25 
10.1 163 1:16.1 
Ratio, Ester/Total.. 70.5% 61% 


intracellular, in the broad fibrous septums 
that extended between the lobules of liver 
cells. The lungs and spleen had many large 
mononuclear phagocytes laden with lipids, 
and branches of the pulmonary artery had 
intimal plaques with large lipophages. The 
medulla of the kidney grossly had pale 
streaks, which microscopically were foci of 
lipid deposits with necrosis of the renal 
tissues. Portions of these deposits had granu- 
lar debris and also acicular slits where 
crystalline cholesterol had been present. The 
glomeruli had fibrous thickened cellular tufts 
and capsules. The glomerular tufts and their 
capsules as well as the interstitial cells 
throughout the kidney had marked lipid 
deposits. The tubular epithelium had only 
slight fatty changes. The tissues of those 
rabbits fed cream with added amounts of 
cholesterol, and in which the aorta had small 
plaques, had only slight changes of these 
tissues. 
COMMENT 


Duff,’* in a summary comment on several 
reports discussing the relation of arterial 
wall injury to the evolution of athero- 
sclerosis, stated that there are two elements 
in the genesis of atherosclerosis: (1) dis- 
turbances of lipid metabolism and (2) local 
tissue factors in arterial walls that permit 
and promote the deposition of lipids in cer- 
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tain loci. Fractional chemical analyses of 
the blood lipids tracing the progress of 
hyperlipemias experimentally produced in 
animals, with the purpose of disclosing 
characteristics of lipid composition signifi- 
cant in the evolution of atherosclerosis, have 
not been published. Studies of this kind in 
man are almost impossible, because the 
requirements of control and of tissue exam- 
inations cannot be satisfied. Hence, some of 
the basic elements of the lipid factor, impor- 
tant in the initial phases of atherosclerosis, 
must be investigated experimentally in 
animals. 

Rabbits fed cream, as has been described, 
become hyperlipemic. The composition of 
the circulating lipids in these animals is 
such that lipids are not deposited in the 
lining of the aorta or in the tissues generally 
during 180 days of an experiment. All frac- 
tions of the blood lipids participated in this 
hyperlipemia, but especially the neutral fat. 
When the amount of the esterified fatty acids 
contained in the neutral fat and the phos- 
pholipid fractions (solvent) was compared 
with the amount of fatty acid in the cho- 
lesterol ester fraction plus an adjusted 
amount for the free cholesterol (solutes), 
the ratio of solvent to solute, as expressed 
in our report, during the hyperlipemia re- 
mained at or above the initial fasting level 
of the animal. When the lipids of the blood 
in these cream-fed animals exceeded a critical 
level, the rabbi. had an acute metabolic 
disorder with marked elevation of the neutral 
fat fraction of the blood lipids, azotemia, 
and hyperglycemia, and they died. The ab- 
sence of lipid deposits in the aorta and 
tissues generally and the acute metabolic 
death with its associated chemical changes 
in the blood contrast the conditions of this 
hyperlipemia sharply with the chronic wast- 
ing disorder associated with the deposition 
of lipids in the aorta and tissues which 
occurs with the hyperlipemia of rabbits fed 
cholesterol. From these observations de- 
veloped the concept that the lipids of the 
blood in a hyperlipemia have a solvent com- 
ponent and a solute component. The blood 


lipids of the cream-fed animal have a large 
solvent component, while those of the 
cholesterol-fed animal have a large solute 
(cholesterol) component. The blood lipids 
in the hyperlipemia of the latter have the 
physical properties of particulate material 
and are taken up by the reticuloendothelial 
cells, the lipophages of the tissues. Plaques 
composed of these lipophages appear in the 
lining of the aorta and arterial branches. 


The hyperlipemia developed in rabbits fed 
cream with 0.5% and 1% added cholesterol 
is appreciably greater than the hyperlipemia 
developing in animals fed cream alone. Some 
of these rabbits also had an acute metabolic 
disorder with marked elevation of the neutral 
fat fraction, and several had small lipid 
deposits in the lining of the aorta but only 
a minimal number of phagocytes with lipid 


TABLE 9.—Comparison of Lipid Composition of 
Blood Plasma and Arterial Tissues * 


Blood Early 
Plasma Intima Plaques 
14.2 16.2 
38.6 38.5 
Phospholipids J 20.1 19.0 
Neutral fat, ete . 27.1 26.3 


* The values are given as percentage of total lipid. 


inclusions in the reticuloencothelial tissues. 
The ratio of solvent to solute in the blood 
lipids, as recorded in Tables 2 and 3, was near 
or slightly below 1:1. In contrast with this 
group, the hyperlipemia of the rabbits fed 
cholesterol rose to a much higher level than 
that in all of the others. The amount of 
cholesterol added to the diet was considered 
to be moderate rather than excessive. The 
ratio of solvent to solute in the blood lipids, 
as expressed in Table 4, dropped in these 
cholesterol-fed rabbits to much below the 1 : 1 
ratio. The lipids of the blood with this 
composition were deposited in large amounts 
in the tissue phagocytes, generally, and in 
plaques in the lining of the aorta. One of 
these rabbits had a marked cirrhosis of the 
liver, and the glomeruli of the kidneys in both 
rabbits had lipid deposits, lipophages, and 
reactive tissue changes."* 
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Hirsch and Weinhouse, in 1943,'° pre- 
sented data on the lipid composition of 
intimal lesions of the aorta and blood plasma 
in the human (Table 9). They emphasized 
the quantitative similarity of the distribution 
of the lipid fractions in the normal intima, 
the blood plasma, and the early fatty de- 
posits in the aorta. The total lipid content 
in the fatty plaques was increased, all 
fractions participating proportionally. 

Tables 5 to 8 contain the results of 
analyses of the lipids deposited in plaques 
in the aortas of two rabbits fed 0.5% cho- 
lesterol in cream and in the aortas of two 
rabbits fed cholesterol. These are compared 
with an average blood lipid analysis made 
during the hyperlipemia of each animal. The 
total lipids of the cholesterol-cream-fed rab- 
bits were increased in the plaques 8- to 
10-fold over the plasma lipids, and those 
of the cholesterol-fed rabbits were increased 
14- to 16-fold. The separate lipid fractions 
in the first group were increased in the 
same range except the neutral fat, which 
was increased 17-fold in one rabbit but only 
5.7-fold in the other. The separate lipid frac- 
tions of the plaques in the cholesterol-fed 
group practically parallel the total lipid in- 
crease of the plaques (16- to 19-fold) except 
the neutral fat. In these two animals the 
neutral fat increased only about nine-fold. 
These comparative analyses demonstrate that 
the aortic plaques are lipid mixtures. They 
also favor the conclusion that the lipids 
deposited in the tissues are in approximately 
the same proportional distribution as they 
are in the blood plasma lipids, with the 
exception of the neutral fat (solute) frac- 
tion. The smaller proportionate amount of 
the neutral fat, with the other fractions nearly 
equal, suggests that a larger proportion of 
this fraction (solvent) has been removed. 
If this process occurs, lipid materials de- 
posited originally in the same composition 
as those of the blood can lose solvent and 
acquire more and more those properties 
which stimulate tissue phagocytosis. The 
process of a concentration of solvent in lipid 
deposits to a saturation level where choles- 
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terol separates in crystalline form is indi- 
cated by the tissue structure of many 
atheromas in human atherosclerosis and 
also by the structure of the lipid deposits 
(streaks) in the interstitial tissues of the 
kidneys of the rabbits that were fed choles- 
terol. The lipid deposits in the kidneys had 
large lipophages and also acicular slits where 
crystalline cholesterol had been dissolved. 
Similar acicular slits are observed regulariy 
in atheromas of the human aorta, sometimes 
in granulation tissues with foreign-body 
giant cells. 

According to Kellner,’* experiments lend 
support to the filtration concept of the 
pathogenesis of atherosclerosis. Proteins and 
lipids of the serum normally pass across 
the endothelium into the walls of blood 
vessels. Where excessive amounts of the 
larger-size lipid particles infiltrate the wall, 
the removal of these particles is incomplete 
and some remain behind to initiate the 
process of atherosclerosis. Kellner stated 
further that atherosclerosis thus may result 
from qualitative and quantitative changes 
in the serum lipoproteins that filter con- 
stantly across the wall of blood vessels or 
from local structural changes inherent in 
the vessel wall or resulting from age or 
disease, that serve to hamper the normal 
passage of these fatty substances. 

Lehninger,’’ in a discussion on the rela- 
tion of lipids and lipid metabolism to the 
atherosclerotic problem, stated that in order 
for lipids as a class to become soluble and 
mobile the chemical “device” of lipoprotein 
has been evolved. The use of this “device,” 
however, should not be carried beyond the 
clear understanding that the lipoproteins, 
at present, are a lipoprotein complex such 
as occurs in an emulsion rather than a 
definite chemical entity. 

Hirsch and Weinhouse, in 1943,)° ex- 
pressed a view similar to the opinion of 
Kellner. Lipid complexes infiltrated from 
the blood plasma into the vessel wall ag- 
glomerate into larger particles and stimulate 
phagocytosis. They recognized two factors 
in the evolution of atherosclerosis: (1) the 
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lipid complex and (2) a tissue factor con- 
cerned with the deposition of the lipids. 
They stated that, although cholesteremia 
may favor the development of atherosclerosis, 
the lesions in this vascular disorder develop 
in adult life without an appreciable elevation 
of the blood cholesterol or obvious abnor- 
mality of the blood lipids. This suggests 
that factors in the tissues of the blood vessels 
leading to the deposition of the lipids in 
the intima are important in the causation 
of the disease. After the lipids are deposited 
and are in tissues in coarse particulate form, 
the subsequent stages of atherosclerosis 
follow. 

The present study is an investigation of 
the lipid factor in the problem of athero- 
sclerosis, undertaken with the purpose of 
disclosing, if possible, a relation between 
the chemical composition of experimentally 
produced hyperlipemias and the evolution of 
atherosclerosis. It is clear that gradual sat- 
uration of the lipids of the blood by choles- 
terol esters and cholesterol, despite the 
maintenance of a 70% to 75% ratio in the 
hyperlipemia of cholesterol-fed rabbits, re- 
sults in a physical imbalance of the circu- 
lating lipids and the formation of a lipid 
complex that stimulates phagocytosis in 
arterial and other tissues of the body. This 
imbalance of the lipid system produced in 
the animal experimentally is extreme and 
occurs in a relatively short time. Under other 
metabolic conditions similar, although small, 
changes of solvent and solute with time may 
accomplish, in transport or in deposit, a 
similar result. 

SUMMARY 


The lipids of the blood are transported 
as particles of mixed chemical composition, 
emulsified in an aqueous medium containing 
protein and other organic and inorganic 
solutes. There are two systems in the blood ; 
the one, the emulsified lipid, the other, the 
aqueous, in which the lipids are suspended. 
Each system has a solvent in which solutes 
are dissolved. 


For practical purposes the lipids of the 
blood consist of three main classes: (1) the 


neutral fats, namely, the triglycerides of the 
saturated and unsaturated fatty acids; (2) 
the phosphatides, which are related closely 
in chemical composition to the neutral fats, 
and (3) the sterols, cholesterol and its 
esters. 

Esterified fatty acids are integral com- 
pounds of all of these lipid fractions except 
the free cholesterol. The amounts of the fatty 
acids in the various fractions of the blood 
lipids are significant data in the evaluation of 
hyperlipemic disorders. 

The emulsified lipids in the blood are 
like a solvent and its solutes, whose chemical 
and physical properties accordingly may 
vary. Lipids liquid at body temperature, 
such as olein, are solvents for those solid 
at this temperature. In some hyperlipemias 
the solvent lipids are in excess; in others 
the solutes approach the supersaturation 
level. 

The hyperlipemia produced in rabbits by 
the supplemental feeding of cream is not 
associated with lipid deposits in the tissues 
or lining of the aorta. The ratio of solvent 
to solutes in this hyperlipemia remains at 
or above the initial fasting level of the 
blood lipids. 

The hyperlipemia produced in rabbits by 
supplemental feeding of cream containing 
0.5% or 1% cholesterol is greater than 
when cream alone is given. The ratio of 
solvents to solutes in this hyperlipemia de- 
creases from above 1:1 to this level or 
below, and in several of these animals 
atheromas formed in the lining of the aorta 
but the tissue phagocytes had practically 
no lipid deposits. 

The hyperlipemia produced in rabbits by 
the supplemental feeding of cholesterol with- 
out cream is much greater than that in both 
of the other groups. Lipids in large amounts 
are deposited in the tissue phagocytes and 
in plaques in the lining of the aorta and 
arteries. The ratio of solvent to solute in 
the blood lipids of this hyperlipemia is much 
below a 1:1 ratio. Blood lipids of this com- 
position have a disproportionately high con- 
tent of cholesterol esters and free cholesterol 
and have properties similar to those of a par- 
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ticulate substance. Such lipid complexes 
stimulate phagocytosis (lipophages ). 

Analyses of the lipid plaques in the lining 
of the aortas of the rabbits fed cream and 
cholesterol and of those in the aortas of rab- 
bits fed cholesterol demonstrate that the 
plaques are not pure lipids but rather are 
mixtures, composed of neutral fats, phos- 
pholipids, cholesterol, and cholesterol esters. 
The total lipids in the plaques of the choles- 
terol-cream-fed rabbits were increased to 8 
to 10 times the values of the total lipids 
(average analysis) in the serum of these ani- 
mals, and in the cholesterol-fed rabbits, 14 to 
16 times. In the first group of rabbits, each 
lipid fraction in the plaques was increased 
approximately the same amount over the cor- 
responding serum lipid fraction, except the 
neutral fat fraction. In one rabbit the neutral 
fat fraction was increased more than the oth- 
ers, and in the other it was increased much 
less. The amount of increase of the separate 
lipid fractions in the plaques of the choles- 
terol-fed animals over the corresponding 
serum lipid fractions was practically the 
same, 16- to 19-fold, except the neutral fat, 
which was increased only 9-fold. 


These comparative analyses demonstrating 
that the aortic plaques are mixtures of lipids 
point to the probability that the lipids at 
first are deposited in the lining of the aorta 
in approximately the same fractional distri- 
bution as they are in the lipids of the plasma. 
The exception to this could be the neutral 
fat (solvent) fraction. The smaller increase 
in the amount of this fraction in comparison 
with the others, which are increased almost 
equally in the plaques, suggests that a por- 
tion of this fraction (solvent) could have 
been removed. If this process is in effect, 
lipids deposited originally in the same com- 
position as those of the blood lose solvent 
(or add solute) and acquire more and more 
those properties which stimulate phagocyto- 
sis. The acicular slits found in atheroscle- 
rotic plaques and other tissues of the human 
body, clefts where crystalline cholesterol has 
been dissolved, lend supportive evidence for 
such a physical change of the lipids in the 
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tissues. Crystals are formed in tissues ac- 
cording to the general principles of crystalli- 
zation, namely, the supersaturation of a sol- 
vent by a crystalloid, through concentration 
of the solvent or the addition of the crystal- 
line solute. 

Experimental atherosclerosis resulting 
from the saturation of the blood lipids by 
cholesterol esters and cholesterol takes place 
in a short time in tissues of an animal pre- 
sumed to be normal. The blood lipid compo- 
sition doubtless is dominant under these con- 
ditions, but tissue factors are significant in 
determining the sites of deposition. 

The differences in the proportions of the 
blood lipid fractions and the tissue studies 
in these experimentally produced hyperli- 
pemias suggest that when tissue lipids ap- 
proach in composition the saturation of sol- 
vent by solute, such as cholesterol esters and 
cholesterol, whether in transport or in de- 
posit, they become significant causal agents in 
initiating the evolution of atherosclerotic 
lesions. 

The structural changes of the liver and of 
the glomeruli in the kidneys of the choles- 
terol-fed rabbits are tissue effects of the lipids 
beyond those of simple deposition. 
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and 
W. EGNER, B.S., Minneapolis 


The lethal effect of staphylococcal alpha 
toxin has long been known '; yet the precise 
mechanisms whereby such toxins produce 
death in animals and man have not been 
elucidated. Indeed, the mode of action of 
bacterial toxins in general is obscure. Given 
intravenously in suitable doses, this sub- 
stance produces profound and rapidly de- 
‘veloping shock which invariably results in 
the death of the animal. The lethal potency 
of small amounts of this toxin in man is 
well demonstrated by the Bundaberg dis- 
aster.* 

In a previous paper * it was shown that 
local infiltration of dilute staphylococcal toxin 
in the neighborhood of small blood vessels 
produces prolonged and severe spasm and 
local areas of ischemia. Furthermore, when 
given intravenously in rabbits in sublethal 
doses, it acts selectively on the renal blood 
vessels, producing marked renal venous 
spasm and passive congestion of the kidney 
with subsequent cortical necrosis.‘ These 
findings suggested that the lethal effect of 
larger doses of the toxin might similarly 
result from vascular spasm in a more vital 
area of the body. In the present study it 
will be shown that when staphylococcal toxin 
is given intravenously in lethal amounts to 
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various species of animals, there is a pro- 
gressive rise in portal vein pressure and 
sequestration of large amounts of blood in 
the liver and splanchnic circulation. Further- 
more, it will be shown that this phenomenon 
accompanies pari passu the fall in central 
blood pressure, and is not associated with 
elevation of caval pressure. 


MATERIALS AND METHODS 


Animals.—Adult 8-10 kg. mongrel dogs of both 
sexes and market-bred 2-3 kg. hybrid albino rabbits 
were used throughout these experiments. The mice 
used were stock laboratory mice of the A. strain. 


Preparation and Standardization of the Toxin.— 
The methods of preparation and a standardization of 
the toxin were described in a previous paper. The 
dose used with this particular preparation was 1.0 
cc. per kilogram of body weight of a 1:10 saline 
dilution. This was found to be uniformly lethal in 
dogs and rabbits within 45 minutes. 


Tagging ® of the Red Blood Cells with Cr®.— 
Several mice were heparinized with 0.1 cc. (1 mg.) 
of heparin, and five minutes later blood was col- 
lected by decapitation. The blood was pooled and 
heparinized further. An amount of 4 cc. of the 
pooled blood was tagged by adding 0.2 cc. of a 
1:50 dilution of Cr51. This was thoroughly mixed 
and allowed to stand for 30 minutes at 37 C. The 
plasma was then taken off and the RBC washed 
three times in saline and resuspended to the original 
volume in saline. 


Blood-Sugar Determinations.—These were done 
on fasting animals by the standard Folin-Wu 
technique. 


EXPERIMENTAL FINDINGS 
1. GenERAL OBSERVATIONS ON THE LeTHAL EFFECT 
or STAPHYLOCOCCAL TOXIN 

When the standard lethal dose of staphylo- 
coccal toxin is given intravenously in rabbits, 
a uniformly reproducible result occurs. 
Within 10 to 30 minutes, in the unanesthe- 
tized animal there occurs a very marked 
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degree of hyperpnea followed by prostration 
and clonic convulsions of the whole body. 
The pupils become markedly constricted, and 
the animal dies rapidly after the onset of 
convulsions. When this experiment is re- 
peated with the animal under anesthesia 
with the abdomen open so as to reveal the 
abdominal viscera, there occurs initially a 
rather marked cyclical spasm in the smaller 
branches of the mesenteric veins and arteries. 
Segmental areas of these veins go into ex- 
treme spasm, which lasts but a few minutes 
and is followed by dilatation. During these 
periods of cyclical spasm the bowel becomes 
slightly bluish and shows frequent hyper- 
peristaltic rushes. Arterial pulsation is still 
evident, though reduced in the face of ex- 
treme venous spasm. At this time the liver 
becomes increasingly engorged and dark 
bluish-red. Meanwhile, the main portal vein 
appears distended, and the portal venous 
pressure appears elevated to the palpating 
finger. Immediately preceding the terminal 
episode the veins throughout the mesentery 
develop an extreme degree of spasm, which 
persists until death. At autopsy one sees that 
the most striking finding is the extreme en- 
zorgement of the liver. On section large 
quantities of dark blood exude from the 
surfaces. There is frequently a similar degree 
of engorgement of the kidneys. The heart 
and lungs appear grossly normal, although 
rarely in the rabbit, but never in the dog, 
pulmonary edema is found. General anes- 
thesia did not appear to influence the lethal 
potentiality of the toxin. 


These initial observations in the rabbit 
suggested the possibility of sequestration of 
large volumes of blood in the liver, producing 
a diminution in venous return to the right 
side of the heart with resulting shock and 
death. Since a similar picture might con- 
ceivably be produced by acute right-sided 
heart failure, it was believed necessary to 
compare simultaneously pressures in the 
portal and caval systems. Accordingly, this 
work was repeated in dogs. 


In dogs, the lethal dose was determined 
and found to agree closely with that of the 
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Fig. 1—A, the immediate effect of a lethal dose 
of Staphylococcal toxin on portal, caval, and sys- 
temic pressures. The elevation in portal pressure 
is unaccompanied by significant change in inferior 
vena caval pressure. B, the same experiment after 
bilateral adrenalectomy. The response is essentially 
similar in both instances. 


rabbit on a weight basis. When given intra- 
venously in unanesthetized dogs, the toxin 
initially produced a considerable degree of 
hyperpnea lasting about two minutes, fol- 
lowed by marked evidence of hyperperistalsis 
and defecation. The majority of animals then 
became prostrate and died rapidly in a shock- 
like state. At autopsy the findings were 
similar to those in the rabbit. Again, the 
liver was enormously engorged, and the heart 
and lungs appeared normal, though the kid- 
neys were uniformly enlarged and congested ; 
the spleen, on the other hand, was invariably 
contracted. There was no evidence of dilata- 
tion of the right side of the heart. 

Elevation of the Portal Pressure.—In 
order to study the pressure relationships 
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within the portal and caval systems more 
precisely, a cardiac catheter was introduced 
by way of a branch of the splenic vein into 
the main portal vein, and another into the 
vena cava through the femoral vein. Arterial 
blood pressure was taken by cannulation of 
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Fig. 2.—A, extreme congestion of hepatic sinusoid 
vessels in the rabbit. This was more marked in the 
central area. B, prominent dilatation of periportal 
lymphatics in the liver of a dog dying 45 minutes 
after a lethal dose of staphylococcal toxin. C, en- 
gorgement in the vera recta in the renal medulla 
of the kidney of a dog dying 45 minutes after a 
lethal dose of staphylococcal toxin. 


the femoral artery. The animal was then 
heparinized, using 1.0 mg. per kilogram of 


body weight; then the abdomen was surgi- 
cally closed after threading the catheter into 
the main portal vein. Control readings of 
the three pressures and an electrocardiogram 
were recorded on a Sanborn Polyvisograph. 
The midchest level was taken as the zero 
point. Pressure measurements were taken 


with the abdomen closed. It will be seen 
from the graph reproduced in Figure 14 
that following injection of the full lethal 
dose of toxin, there occurred an immediate 
rise in portal pressure accompanied by a 
fall in systemic blood pressure. The rise in 
portal venous pressure occurred concur- 
rently with the injection of toxin and lasted 
from 6 to 10 minutes. Thereafter, the portal 
pressure returned to control levels, though 
the engorgement of the liver became progres- 
sively greater. Caval venous pressure re- 
mained at control levels or actually fell below 
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control levels during the subsequent course 
of the experiment, these findings showing 
that the rise in portal pressure was not a 
result of right heart failure. The rise in 
portal pressure was invariably accompanied 
by marked hepatic engorgement. 

Histologic Findings in the Engorged Liver. 
—Stained sections of the liver, removed soon “ 
after death, consistently showed engorgement 
of the sinusoidal capillaries and central ven- 
ules (Fig. 2A), indicating that the increase 
in volume and weight of the liver was the 


the animals had recovered from the surgery 
and were in a vigorous state of health. They 
were anesthetized and cannulated in the 
standard manner. The results of a lethal 
injection of toxin are shown in Figure 3. 
It will be seen that there is no rise in the 
portal pressure; moreover, the animals tol- 
erated the single injection of toxin without 
the rapid and progressive fall in blood pres- 
sure which occurred in the control group. 
Yet, on increasing the amount of toxin, 
death occurred. It was of interest to find 


Blood Pressure Response With Eck-Fistula 
Prior To Lethal Dose Staphylococcal Toxin. 


20 50 
MINUTES 


TIME 
result of pooling of blood in the sinusoidal 
capillaries. The periportal lymphatics also 
showed considerable distention (Fig. 2B). 


Prevention of the Rise in Portal Pressure 
by the Construction of an Eck Fistula—if 
the accumulation of blood in the hepatic and 
portal circuits was prevented by providing 
an alternate route to the right heart, an 
amelioration of the lethal effects of the toxin 
might be expected. To test this hypothesis, 
Eck fistulas were made in three dogs one 
week prior to the experiment. By this time 


Fig. 3.—Systemic and 
portal vein pressures of a 
dog in which an end-to- 
side Eck fistula had been 
made one week prior to 
toxin injection. The initial 
standard dose of toxin 
was unassociated with 
marked change in sys- 
temic or portal pressure. 
However, repeated doses 
of toxin invariably pro- 
duced progressive hypo- 
tension and death. 


severe hepatic engorgement in all these ani- 
mals in spite of the complete diversion of 
portal blood flow. This finding suggests 
that the circulating blood volume was effec- 
tively, though less rapidly, reduced by the 
inflow of blood into the liver from the 
hepatic artery. 

Bilateral Adrenalectomy.—As shown by 
Bradley and others,® epinephrine release is 
associated with both systemic and portal 
hypertension. In order to determine whether 
the portal hypertension seen in animals given 
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a lethal dose of staphylococcal toxin was 
merely the result of epinephrine release, the 
previous experiments were repeated on 
acutely adrenalectomized animals. As shown 
in Figure 1B, the early rise in portal pressure 
was consistently found in the adrenalec- 
tomized animal. 


Effect of Hepatectomy on the Lethal Effect ° 
of the Toxin.—To obviate the sequestration 
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The tolerance of these animals to toxin was 
then tested. All animals in this group died 
within 30 minutes to the standard dose of 
toxin. No protective effect of hepatectomy 
was apparent; indeed, these animals ap- 
peared less resistant to the toxin than were 
the controls. 


Blood-Glucose and Leucocyte Response 
to the Toxin.—It has been shown by many 
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Figure 4 


of blood in the liver, hepatectomy was per- 
formed in three Eck-fistula dogs immediately 
prior to the injection of the toxin. These 
hepatectomies were rapidly accomplished 
with minimal blood loss by temporarily 
clamping the aorta in the chest during the 
operation. Any blood loss was immediately 
replaced, and at the conclusion of the opera- 
tion the animals were in good condition. 
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observers that Gram-negative endotoxins 
produce a transient leucopenia and hyper- 
glycemia.* Similarly, in the present experi- 
ments the intravenous administration of 
staphylococcal toxin was regularly followed 
by hyperglycemia and leucopenia within 30 
to 90 minutes (Figs. 4 and 5). Adrenalec- 
tomized animals and animals with Eck 


* References 7 and 8. 
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fistulas consistently failed to show the hyper- 
glycemic response. In the case of the 
adrenalectomized animals these findings 
might suggest that the hyperglycemia was 
a reflection of epinephrine release. The 
reason for the failure of the response in the 
case of the animal with Eck fistulas is not 
readily apparent. On the other hand, ail 
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Leukocyte Response to Lethal Dose of Staphylococcal Toxin 


that blood was being sequestered in this 
area. To study this phenomenon further 24 
mice were given 0.2 cc. of Cr*'-tagged red 
blood cells by intravenous injection through 
a tail vein. After the cells were allowed to 
disperse throughout the body for 10 minutes, 
12 of the mice were given a lethal dose of 
staphylococcal toxin., All 12 died within 45 


Leukocytes 


Toxin only 
@<@ Eck Fistula prior to toxin 
©-o Adrenalectomy prior to toxin 


animals regularly showed the leucopenic 
effect. Microscopic sections of the lungs 
regularly demonstrated aggregation of leuco- 
cytes along the endothelium of the small 
pulmonary vessels. 


2. SEQUESTRATION OF Rep BLoop CELLS IN THE 
Hepatic AND PortTAL AREA 


The consistent findings of a significant 
increase in the mass of the liver suggested 


Control | 30 Min, 
Toxin 


Figure 5 


minutes. Immediately after death the whole 
mouse was placed in a 50 cc. Lusteroid tube 
and counted in the Texas well counter. Then 
the liver and gastrointestinal tract were re- 
moved together, care being taken to ligate 
the main vessels so that the blood was con- 
tained in the hepatic and portal system. In 
this manner the radioactivity could be rap- 
idly assayed and the ratio of Cr®* present in 
the hepatic and portal systems to that in 
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RBC IN HEPATIC AND PORTAL SYSTEM 


LIVER. PORTAL BED 
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Fig. 6.—The aggregation of labeled red cells in the hepatic and portal systems in mice dying 
as a result of toxin injection; and in a control group. 


the whole body was determined. The remain- 
ing 12 mice were killed by etherization at 
the same intervals and counted in the same 
manner. The comparison of results is sum- 
marized in Figure 6. It will be seen that the 
group receiving toxin consistently showed 
a greater percentage of radioactivity in the 
portal and hepatic areas, these findings indi- 
cating sequestration of red blood cells in 
this area. 
COMMENT 


The finding of extreme hepatic engorge- 
ment in animals dying with staphylococcal 
toxemia is not peculiar to this particular 
toxin. Similar engorgement of the liver has 
also been described in anaphylactic, hista- 
mine, and peptone shock,t and is commonly 
seen in animals dying with overwhelming 
bacterial infection within the peritoneal cav- 
ity. It can be produced not only by the 
experimental administration of the staphylo- 
coccal alpha toxin, as shown in the present 
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paper, but also by Gram-negative endotoxin 
and by Clostridium perfringens alpha toxin. 

In studying the lethal effect of staphylo- 
coceal toxin, Kellaway and co-workers 
have indicated that the toxin produces right- 
sided heart failure due to arterial spasm 
within the pulmonary tree. This finding could 
not be corroborated in the present work. 
Measurements of inferior vena cava pressure 
consistently failed to show any significant 
elevation as an indication of right-sided heart 
failure. All in all, the present findings indi- 
cate rather that the fall in systemic blood 
pressure is a result of diminished venous 
return to the right side of the heart. In 
the doses of toxin administered, no conduc- 
tion disturbances were revealed by electro- 
cardiogram, the heart-beat continued to be 
forceful and regular though rapid for con- 
siderable periods after the injection of the 
toxin, and direct visualization of the heart 
immediately prior to death showed small 
undilated chambers. These findings indicate 


t Thal, A. P.: Unpublished observations, 1954. 


40 
° 
O 
= 
; 
— 


EFFECTS OF STAPHYLOCOCCAL 


that the action of the toxin is probably 
peripheral to the heart and to the vessels 
of the lung. 

Previous work on the effect of sublethal 
doses of staphylococcal toxin indicates that 
the substance produces a selective spasm in 
the blood vessels of the kidney, with con- 
siderable renal engorgement and renal venous 
spasm.* Accordingly, it was believed that 
the extreme hepatic engorgement produced 
by lethal doses of the toxin might be a re- 
flection of selective spasm within the hepatic 
venous system. Histologic studies consist- 
ently showed extreme dilatation of the 
sinusoidal vessels of the liver and engorge- 
ment of the central veins. Whether or not 
this capillary engorgement is a direct vaso- 
paralytic effect of the toxin or is the result 
of spasm on the venous side of the capillary 
bed is not yet clear. This finding would sug- 
gest that the site of such spasm, if it exists, 
must lie between the central veins and the 
larger muscular-walled hepatic veins. On the 
other hand, similar turgidity of the liver 
might manifestly be produced simply by loss 
of capillary tone and passive dilatation of the 
capillary system in a sponge-like manner. 
The hepatic engorgement might then be but 
a local manifestation of generalized relaxa- 
tion of capillary tone induced by the toxin. 
This concept is also supported in part by 
the finding that other organs apart from 
the liver show capillary engorgement and 
dilatation. Medullary engorgement of the 
kidney in response to lethal and sublethal 
doses of the toxin is a consistent finding 
(Fig. 2C) and, incidentally, is often de- 
scribed in fatal cases of shock in the human. 

By providing an alternate route to the 
heart in animals with Eck fistulae, a definite 
ameliorating effect on the lethal manifesta- 
tions of the toxin was noted. Yet these 
animals ultimately succumbed to a repeated 
dose of toxin and at autopsy showed engorge- 
ment of the liver which, though of a slighter 
degree than that usually seen, was neverthe- 
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less obvious. The afferent blood flow to 
the liver in these animals came solely from 
the hepatic artery. To eliminate further this 
question of sequestration of blood in the 
liver, hepatectomized animals were studied. 
While this, of necessity, brings about a more 
complex state of affairs by removing an 
important site of detoxification, yet the ab- 
sence of any protective effect further serves 
to emphasize the possibility that the seques- 
tration of blood within the capillaries of 
the liver was merely part of a generalized 
capillary pooling throughout the body. 
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The “vascularization theory” attempts to 
explain all the changes in atherosclerosis on 
recurrent hemorrhage into the intima of 
arteries. The lipid deposits, which are such 
a characteristic feature of the disease, are 
thought to be derived from the lipids of the 
extravasated blood, whether they are at nor- 
mal or at elevated levels. The fibroplasia is 
explained by the organization of the clot. The 


actual leakage of blood is due to the rupture 
of capillaries which arise mainly from the 


arterial lumen. Two major objections to 
this theory have been raised: (1) intimal 
hemorrhages are thought to be relatively in- 
frequent and have been described only in the 
end-stages of the disease, and (2) the intima 
of normal arteries, or of slightly atheroscle- 
rotic arteries, is said to have no capillary 
blood supply. For these reasons, vasculari- 
zation of the intima with hemorrhage seems 
to be regarded as the result, not the cause, 
of the atherosclerotic process. 


Indirect evidence has now been obtained 
which suggests that hemorrhages into athero- 
sclerotic plaques are in fact extraordinarily 
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frequent and that they occur in the earliest 
as well as in the later stages of the disease. 
The evidence has been obtained by the dem- 
onstration, not of hemorrhage proper, but of 
one of the sequelae of hemorrhage, hemosid- 
erin formation; and this has been achieved 
by subjecting gross segments of unfixed arte- 
ries to the Prussian-blue reaction. Deposits 
of hemosiderin, so small that they would be 
easily missed in thin microscopic sections, 
become quite evident when stained in this 
way. 
MATERIAL AND METHOD 


The material was obtained from approximately 
150 autopsies on persons ranging in age from 3 
years to 90 years. The majority of the patients 
were middle-aged or elderly men; a few were 
in the third or fourth decades, and an occasional 
child and a few female patients were included 
in the series. Most of the patients had succumbed 
to acute or chronic diseases, but in 10 instances 
death had been sudden and violent and had oc- 
curred in presumably normal persons. Autopsy in 
most of the cases was carried out a few hours 
after death, but occasionally from one to three 
days had elapsed. 


In each case a 6-in. segment of the thoracic 
aorta, extending proximally from the celiac axis, 
was removed, opened anteriorly with scissors 
(sometimes of the iron-free type), stripped manu- 
ally of its adventitia and outer media to remove 
those tissues contaminated by metallic instruments, 
and rinsed quickly but thoroughly in distilled water. 
The specimen was then exposed immediately, in 
an unfixed state, to a freshly prepared solution 
of equal parts of 10% potassium ferrocyanide 
(preferably ferricyanide-free) and 20% hydro- 
chloric acid. During these maneuvers, care was 
taken to avoid contaminating the specimen, or 
the solutions, with metallic objects. The specimen 
was left in the reagent at room temperature for 
half an hour, rinsed quickly in distilled water, 
and then examined with the naked eye or with 
a magnifying lens. A photograph of the specimen 


Fig. 1.—Segment of the 
lower thoracic aorta from 
a 3l-year-old man, re- 
produced from a colored 
photograph (Ektachrome) 
using a Wratten 25 filter. 
Left, before exposure to 
Prussian-blue reaction; 
right, after ex posure. 
Fatty streaks can be seen 
on the upper half of the 
photograph on the left, 
while on the right the 
arrow points to pinpoint 
areas of Prussian-blue 
material in some of the 
fatty streaks. These same 
areas are shown in the 
enlarged photograph in 
Figure 2. 


and immediately afterward. 


Procedures similar to the above have been 
carried out on large segments of the coronary 
and femoral arteries. 


Fig. 2.—Enlargement of part of the photograph 
of the lower thoracic aorta from a 3l-year-old 
man illustrated in Figure 1. The focal distribution 
of the Prussian-blue material in only some parts 
of the fatty streaks is shown. 


Fe 


HEMOSIDERIN DEPOSITION—ATHEROSCLEROSIS 


in color was taken before exposure to the reagents, 


When iron-staining deposits were present, thick 
frozen sections of fixed and unfixed material were 
cut from representative areas. These sections were 
examined microscopically either in an unstained 
state or after light counterstaining procedures. 
Other segments of iron-containing plaques were 
fixed in formalin, embedded in paraffin, sectioned, 
and stained by orthodox methods. 


OBSERVATIONS 


Deposits of Prussian-blue material have 
been encountered in one or more plaques in 
the great majority of the cases. The only 
exceptions were young children, a 14-year- 
old boy, three young men in the third decade, 
a 49-year-old man, and two middle-aged 
women. The youngest to give a positive re- 
action in the series was 19 years old. The 
Prussian-blue material was found exclusively 
in atherosclerotic lesions. When no reaction 
was obtained, it usually, but not always, 
meant that no atherosclerotic plaques were 
present. A marked variation was noted in 
the amount of stainable material in different 
cases. Occasionally, only one or two plaques 
were involved; sometimes, almost every 
plaque gave the reaction, but as a rule only 
about half of the plaques showed evidence of 
discoloration. Points of discoloration of pin- 
point size have been noted in fatty streaks 
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Fig. 3—Segment of the lower thoracic aorta, 
reproduced from a colored photograph (Ekta- 
chrome) using a Wratten 25 filter. Left, before 
exposure to the Prussian-blue reaction; right, after 
exposure. Most of the small pearly plaques and 
the fatty streaks seen in the unstained specimen 
show (on the right) appreciable amounts of Prus- 
sian-blue material. 


in several young men (Figs. 1 and 2), but 
often these incipient lesions remained un- 
stained. The reaction was most striking in 


the “pearly” plaques of endarteritis (Fig. 3). 
Indeed, the deposits have been more impres- 
sive in these early lesions than in end-stage 


plaques. At all stages the deposits were 
located not infrequently about the periphery 


Fig. 4—Segment of 
lower thoracic aorta, re- 
produced from a colored 
photograph (Ektachrome) 
using a Wratten 25 filter. 
Left, before exposure to 
Prussian-blue _ reaction; 
right, after exposure. The 
specimen shows many 
atherosclerotic plaques of 
moderate size, and most 
of these contain Prussian- 
blue moterial, particularly 
at their periphery. 


A. M. A. ARCHIVES OF PATHOLOGY 
of plaques (at points where intimal capil- 
laries are known to be most numerous ') 
(Fig. 4). Surface deposits of blood, or blood 
lying within capillaries in the superficial tis- 
sues, did not give the reaction, even when 
advanced postmortem degeneration of tissues 
was present. The reaction was found in 
plaques with intact intimal surfaces, although 
it was, of course, also present at the edges of 
erosions, 

The discolorations were just as common 
in cases of sudden death as in patients who 
succumbed to long-standing wasting illnesses. 
They were numerous in the plaques of per- 
sons dying suddenly of violent causes. Delay 
in carrying out the autopsy did not affect 
the incidence of positive reactions. And in 
this regard, it was noted that blood which 
had been stored for several days in the ice- 
box remained negative to the Prussian-blue 
reaction. 

The reaction of atherosclerotic plaques in 
the coronary and femoral arteries was just 
as striking as that of plaques in the thoracic 
aorta. 

Microscopically, the best results were ob- 
tained from the study of thick frozen sections. 
The discolorations were found most fre- 
quently in the superficial layers of the intima 
(Fig. 5); less often they were more deeply 
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Fig. 5.—Photomicrograph, using a Wratten 25 
filter, of a thick frozen section through an athero- 
sclerotic plaque, exposed previously to the Prus- 
sian-blue reaction and counterstained lightly with 
carbol-fuchsin. A deposit of Prussian-blue material 
is seen close to the endothelium, and another in 
the deeper tissues at the edge of an atheroma. 
Reduced 4 from mag. x 50. 


situated at the edges of atheromatous foci 
(Fig. 6), but they were almost never seen 
in the contents of atheromatous “abscesses.” 
Occasionally they have been found in the outer 
parts of plaques, close to the muscle layer 
(Fig. 7). The superficial deposits were finely 
granular and were usually contamed in 
macrophages ; the deeper ones were bulkier 
and sometimes lay free in the tissues. 


By the multiple section technique, capil- 
laries which contained red blood cells could 


Fig. 6—Photomicrograph taken under similar 
conditions to that illustrated in Figure 5. The 
Prussian-blue material lies in the deeper parts of 
the intima at the edge of an atheroma. Reduced 
about % from mag. x 50. 


DEPOSITION—ATHEROSCLEROSIS 


Fig. 7—Photomicrograph taken under similar 
conditions to that illustrated in Figure 5. A deposit 
of Prussian-blue material is shown close to the 
bottom of the photomicrograph; it lies external 
to a large atheromatous “abscess,” near the medial 
coat. The adventitia is at the bottom of the figure. 
Reduced about 4% from mag. x 50. 


usually be demonstrated in the vicinity of the 
Prussian-blue material in the advanced le- 
sions (Fig. 8). Capillaries, recently extrava- 
sated blood, and Prussian-blue material have 


Fig. 8.—Photomicrograph of an unstained, thick 
frozen section of an atherosclerotic plaque, using 
a Wratten 25 filter. The plaque had been exposed 
previously to the Prussian-blue reaction. The lumen 
of the artery is at the top of the figure, and close 
to it on the right is a capillary. Significant amounts 
of Prussian-blue material are seen close to this 
capillary, notably within the macrophage at left 
center. Reduced about 4% from mag. x 300. 
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all been seen in the same general location 
in one plaque (Fig. 9). 

More difficulty has been experienced in 
demonstrating capillaries in earlier lesions, 
e. g., in fatty streaks and pearly plaques, 
although these also have been shown to con- 
tain Prussian-blue material. Orthodox stain- 
ing methods have usually failed to show any 
evidence of vascularization in these incipient 
lesions ; but when the alkaline phosphatase 
reaction * was used on serial sections, struc- 
tures which we interpret as capillaries could 
be demonstrated. This latter finding sug- 
gests that vascularization of the intima is an 
early rather than a late manifestation of the 
disease. It will be discussed in detail in a 
later report. 


wes 


Fig. 9.—Photomicrograph, using a Wratten 25 
filter, of a frozen section through an atherosclerotic 
plaque which contained obvious recent hemorrhage. 
The plaque had been exposed previously to the 
Prussian-blue reaction, and the section stained with 
carbol-fuchsin. Both recently extravasated blood 
and Prussian-blue material are seen in the same 
general location, and capillaries could be demon- 
strated in the vicinity. Reduced about 4% from mag. 
x 50. 


COM MENT 


The Prussian-blue material noted in this 
study undoubtedly represents iron. Since it 
occurs so frequently in atherosclerotic 
plaques, in early lesions as well as late ones, 
its possible significance in the pathogenesis 
of the disease becomes a matter of some 
interest. 

By its reaction the material is ferric iron, 
and it can therefore be considered to be either 
500 
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ferritin or hemosiderin. Unlike Bunting,’ 
when ferricyanide (ferrocyanide-free ) is sub- 
stituted for the ferrocyanide, we have been 
unable to detect any ferrous component in 
the deposits. We therefore cannot agree with 
Bunting that the material “differs from that 
derived from hemoglobin destruction ... , 
which is usually intracellular in location and 
uniformly ferric.” And in th's regard, our 
microscopic studies showed t:.. great mass 
of the stainable material to be finely granular 
and to lie within macrophages, often within 
cells interpreted as foam cells. 


It is doubtful also that the material is fer- 
ritin, since we have exposed a sample of 
crystalline ferritin, with a definite iron con- 
tent, to the Prussian-blue reaction with nega- 
tive results. And contrary to the suggestions 
of Gillman and co-workers,* we have found no 
evidence of a generalized cytosiderosis in our 
cases: as will be described later, there was 
no relationship between the amount of iron 
in the aorta and that in other common sites 
of iron storage., 


From the evidence, then, the Prussian-blue 
material described in this paper is hemosid- 
erin and is probably derived from hemoglobin 
destruction. Hemosiderin deposits in athero- 
sclerotic plaques probably have little influ- 
ence per se on the progression of the disease, 
but the mechanism of their formation may be 
of great theoretical importance. At least 
three possibilities deserve consideration. 


By the “imbibition theory,” the foam cells 
that accumulate in the intima because of a 
derangement in the serum lipids are said to 
possess phagocytic properties.’ Foam cells in 
preexistent plaques might therefore take up 
free hemoglobin from the blood serum and 
convert it to hemosiderin.* By this mecha- 
nism, hemosiderin deposition in atheroscle- 
rotic plaques would be a purely secondary 
phenomenon, and of no real significance in 
the pathogenesis of the disease. However, if 
the hemosiderin deposits were due simply to 
phagocytosis of circulating hemoglobin, a 
similarity should be apparent between the 
amount deposited in the aorta and that in 
other organs which are known to store iron 
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Chart 1.—Comparison of the amount of hemo- 
siderin in the aorta (determined macroscopically ) 
with the amount in the liver (determined micro- 
scopically) in each of 50 fatalities. 


for future use, notably the liver and spleen. 
We have failed so far to demonstrate any 
such similarity. As a routine procedure we 
have exposed segments of liver and spleen 
to the Prussian-blue reaction simultaneously 
with the aorta from the same case. The re- 
sponse of the three tissues, when examined 
by gross and microscopic methods, has often 
been quite dissimilar. Striking reactions in 
the liver and spleen have been associated with 
minimal reactions in the aorta, and vice versa 
(see Charts 1 and 2). One case in point 
might be mentioned : a 49-year-old man who 
suffered from hemolytic anemia and who 
had received approximately 50 blood transfu- 
sions during the last two years of life. At 
autopsy, the liver and spleen were loaded with 
iron, but none was found in fatty streaks of 
the aorta. Furthermore, it has been noted 
repeatedly in this study that only some 
plaques, and only some portions of plaques, 
showed the reaction. Assuming that all 
pl: ques, certainly all early ones, have foam 
cells in their substance, it seems odd that a 
few foam cells should have the property of 
ingesting hemoglobin and converting it to 
hemosiderin, whereas others have not. The 
minute deposits of hemosiderin found in the 
fatty streaks of the aorta of a 31-year-old 
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man, and illustrated in Figure 2, are so focal 
in distribution that it is difficult to conceive 
that they resulted from the phagocytosis of 
iron circulating in the blood stream. On the 
whole, then, it would appear highly improb- 
able that deposits of ferric iron in athero- 
sclerotic plaques are due simply to phago- 
cytosis of hemoglobin, or other forms of iron 
in the circulating blood, by preexistent fat- 
laden macrophages. 


Second, an explanation for the presence 
of hemosiderin in atherosclerotic plaques can 
be given by the “encrustation theory”: Pro- 
ponents of this theory will claim that it is 
due to the disintegration of red cells that are 
enmeshed in tiny mural thrombi. This ex- 
planation is a reasonable one for superficial 
hemosiderin deposits, but not for those that 
are deep-seated. Occasionally the deposits 
have been found external to atheromatous 
foci close to the media, positions which are 
difficult to explain by migration of the con- 
stituents of a thrombus (Fig. 7). Further- 
more, it would appear that enmeshed red cells 
have never been demonstrated in these tiny 
fibrin thrombi. If they were present, the 
thrombi would be red in color and, therefore, 
visible to the naked eye. It is a matter of 
record that they are not visible. And without 
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Chart 2.—Comparison of the amount of hemo- 
siderin in the aorta (determined macroscopically) 
with the amount in the spleen (determined micro- 
scopically) in each of 51 fatalities. 
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a red cell component, it is difficult to explain 
either hemosiderin formation or lipid deposi- 
tion. 

Finally, the most reasonable explanation 
of all is that the ferric iron in athero-cierotic 
plaques results from the leakage of blood 
into the intima—from capillary rupture and 
intimal hemorrhage. The focal nature of 


hemosiderin deposition in fatty streaks (as 
in Fig. 2) and their circumferential distribu- 
tion in older plaques (at points where capil- 


laries are known to be most numerous) sup- 
port the contention that capillary rupture has 
occurred in these locations. Additional evi- 
dence in this regard is given by our ability 
to demonstrate definite capillaries in older 
plaques, and structures interpreted as capil- 
laries in earlier lesions, in close relation to the 
hemosiderin. There is of course no proof 
that this was the mechanism at fault: All 
that can be said is that capillaries show “guilt 
by association.” Further data are needed 
before this mechanism can be accepted, but, 
if true, it means that intimal hemorrhages 
are extraordinarily frequent in the earlier 
stages of the disease. And if iron can be laid 
down at points of hemorrhage, it is reason- 
able to assume that the lipid which is present 
in normal blood, or in hyperlipemic blood, 
may be deposited at the same time. At all 
events, any theory on the pathogenesis of 
human atherosclerosis must be competent to 
explain the presence in early and late iesions, 
not only of lipid and fibrous tissue but of 
iron as well, 


SUMMARY AND CONCLUSIONS 
Exposure of gross segments of the unfixed 
human aorta to the Prussian-blue reaction 
has revealed numerous deposits of iron lying 
exclusively within atherosclerotic plaques. 


A. M. A. ARCHIVES OF PATHOLOGY 
The deposits, which are considered to be 
hemosiderin, have been found in the earliest 
lesions of the disease as well as in end-stage 
plaques. Microscopically, the deposits have 
been found in close proximity to capillaries 
of the intimal variety. The focal nature of 
the deposits and their close association with 
capillaries suggest to us that they mark the 
spots where intimal hemorrhages have oc- 
curred fairly recently. 
strengthened by the results of our attempts 
to exclude other mechanisms by which hemo- 
siderin might have been deposited in these 
locations. 


This impression is 
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minster Hospital. 
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In previous publications * a basis has been 
laid for considering the ground substance of 
connective tissue as a heterogeneous system 
of colloid and water. At its simplest, the sys- 
tem would consist of a water-rich phase in 
equilibrium with a colloid-rich phase, both 
phases being in equilibrium with blood. In 
order to describe the latter equilibrium, it 
is necessary to know certain electrochemical 
properties of the colloidal aggregate as a 
whole and its interaction with the cations 
of blood. Among such intrinsic measurable 
properties of the ground substance are the 
density of the immiwhile colloidal (negative) 
charge and the free energies of formation of 
colloid-cation complexes. Nomograms show- 
ing the equilibrium of ground substance with 
blood sodium, calcium, and potassium have 
been derived from values for calcium-sodium 
and potassium-sodium exchange.t To com- 
plete the description of the equilibrium from 
the physiological standpoint, it is necessary 
to obtain data for the free energy of forma- 
tion of the complex of ground substance with 
magnesium. 
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The complete data may be used to formu- 
late a description of the ground substance 
as an ion-exchange resin reacting with 
sodium, potassium, calcium, and magnesium. 
This information can be most conveniently 
expressed by a series of nomograms repre- 
senting states in which any ion or pair of 
ions is displaced from the normal blood 
levels. 

The same conditions that control the dis- 
tribution of the physiological cations may be 
expected to apply to the reaction of ground 
substance with foreign metallic cations and 
with organic bases. The combination of a 
number of amines of biological importance 
with connective tissue colloid has been de- 
scribed,* and in the present communication 
data for lead and strontium binding are re- 
ported and are related to the biological effects 
of these ions. 

METHODS 

The method of liquid junction potential deter- 
mination in connective tissues was used.! The 
experimental tissues were the skin and epiphysis 
of young adult rabbits. Two short 20-gauge needles 
were inserted, one subcutaneously into skin of 
the abdominal region as a refereiice junction, the 
other into the experimental tissue to be studied. 
Initially both needles were filled with approxi- 
mately isotonic (0.15 M) NaCl (Solution I). 
These solutions were connected to indifferent satu- 
rated KCI calomel half-cells by means of saturated 
KCl-agar junctions and saturated KCl bridges. 
The potential difference was read, and the solution 
in the needle at the experimental junction was 
removed and renewed several times until successive 
readings agreed to within a millivolt. The isotonic 
saline at this junction was then replaced by Solu- 
tion II, a one-tenth dilution (0.015 M NaCl), and 
the potential redetermined with successive changes 
of solution. Finally the initial base-line potential 
was restored by replacing Solution I in the needle. 
The displacement that occurs following application 
of 0.015 M NaCl has been termed the “first dilu- 
tion potential,” and it is denoted as Ea. Its magni- 
tude depends on the base-binding capacity of the 
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TasLe 1.—Dilution Potentials in Normal 
Rabbit Tissues 


First Modified 
Molal No.of Dilution Dilution 
Coneen- Experi- Potential Potential 


Tissue lon tration ments Ea,Mv. Ea’, Mv. 
Skin Me 0.005 bed 2.6 —24 
Sr 0.005 7 2.0 —2.2 
Pb 0.001 6 29 —1.1 
Epiphysis Me 0.005 12 22.5 7.7 
Sr 0.005 7 19.7 4.9 


Pb 0.001 6 23.0 9.0 


immobile connective tissue colloids; this quantity, 
expressed in equivalents per kilogram of tissue 
water, is denoted as +. 

Selution III was an approximately isotonic saline 
solution containing a small quantity (0.005 M) of 
magnesium chloride (0.1425 M NaCl+0.005 M 
MgCh). After the restoration of the initial base- 
line potential with Solution I, the experimental 
needle was flushed and Solution I was replaced by 
Solution III. Reproducible readings were obtained 
with Solution III, differing only slightly from the 
initial potentials with Solution I. However, part 
of the colloid is bound by the magnesium of Solution 
III, so that application of Solution II now gives 
rise to a modified dilution potential, which is denoted 
Ea’. This is related to the modified density of col- 


loidal charge, x’, of the tissue following equilibra- 


tion with the magnesium solution. The difference 
(+—x') is taken as a measure of the bound mag- 
nesium complex. Strontium and lead binding were 
measured in essentially the same manner. 


RESULTS 
Dilution potentials on a series of 25 ani- 
mals are presented ( Table 1). These include 
values for Ey, the first dilution potentiai, 
and for E£,’, the dilution potential modi- 
fied by binding of the bivalent cation, mag- 
nesium, strontium, or lead. 


DERIVATION OF EQUILIBRIUM CONSTANTS AND 
Free Enercies oF EXCHANGE 

It has been previously shown that the 
dilution potential is related to the density 
of immobile negative charges of the con- 
nective tissue, +, expressed as equivalents 
of base-binding capacity per kilogram of 
tissue water. When the tissue is equilibrated 
with a base such as calcium or magnesium, 
part of the immobile negative charge com- 
bines with the inorganic cations to form 
undissociated organic complexes. A part of 
the colloidal charge is thus neutralized, and 
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the density of immobile negative charge is 
lowered to a new value, «’. The difference 
(#—.«’) measures the equivalents of un- 
dissociated colloid-cation complex formed 
in the presence of the bivalent base. Follow- 
ing equilibration, we have seen that the 
modified dilution potential, FE,’ becomes 
lower. 

Two working equations are used, the 
derivation of which has been described. 

The formula relating Ey and x is approxi- 
mately linear : 

Fa=—12.34215« (1) 

A similar relation holds between E,’ 
and 

Ea’ =—12.34215.2' (2) 
The difference (E,—E,') is therefore a 
measure of the bound cations following 
application of Solution III to the tissue. As 
previously explained,’ the value —12.3 mv. 
is the limiting value of the dilution potential 
as x or 2” approaches zero and is the approxi- 
mate value of the liquid junction potential 
between Solutions I and II, or between 
Solutions ITI and IT. 

From the experimental determinations of 
E, and E,’, the respective values of +, the 
initial, and 2’, the modified charge density, 
are computed from Equations (1) and (2) 
(Table 2). For each of the three ions, Mg, 
Pb, and Sr, and for the two tissues, skin and 
epiphysis, the ratio of 2’ to x is computed at 
the given ion concentration. 

Estimation of the equilibrium constant for 
the formation of the ion-colloid complex 


t References 1 and 5. 


TasLe 2.—Colloidal Charge Densities (Initial and 
Modified) and Equilibrium Constants for 
Rabbit Tissues 


Modified 
Initial Colloid 
Charge Charge 


Density Density Equi- 
x (Eq. 2” (Eq. librium 
perKge. perKge. Ratio Constant, 
Tissue lon H20) a’ K 
Skin Me 0.069 0.046 0.67 0.014 
Sr 0.067 0.044 0.64 0.011 
Pb 0.071 0.052 0.73 0.0042 
Epiphysis Me 0.163 0.098 0.57 0.010 
Sr 0.149 0.080 0.54 0.004 


Pb 0.164 0.099 0.60 0.0026 


ie 
+ 
7 
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Taste 3.—Comparison of Electrometric and Analytical Results in Cartilage 


«x (Eq. 

per Ke. 

HeO) 
Epiphysis (electrometric) 0.163 
Cartila,e (direct analysis) 
Caleulations from direct analysis 0.200 


(Donnan 


(Na*)’ 

r mEq. 

per Kg. 
H20 


Total Mg, Equi- 

librium 
Constant, 

Ratio) K 


0.010 * 


* Based on electrometric results for epiphyseal cartilage (Table 2). 
+ Results of Eichelberger and co-workers converted to milliequivalents per kilogram of HO. 


assumes that reactions of the following type 
occur : 
Me**+Na:X=MeX+2Na‘* 
where Me** 
X the colloid. 
Then the equilibrium may be formulated as 
follows: 


denotes bivalent cation and 


(Me"’ (3) 
where (Me**)° is the molal concentration 
of the applied bivalent cation, r is the Donnan 
ratio, and x and «’ the initial and modified 
colloidal charge densities. Appropriate sub- 
stitutions in Equation (3) give values for 
the equilibrium constant K (Table 3). 

The equilibrium constant is related to the 
standard free energy of the exchange reac- 
tion of Me** with Na®* by the formula 


AFe°=—RT 1nK 


where FR is the gas constant in calories per 
degree, T the absolute temperature and In 
refers to logarithms to the natural base, e. 


Standard free energies of formation of ion- 
colloid complexes for both physiological and 


Taste 4.—F ree Energies of Formation of 
Ion-Colloid Complexes 


Standard 
Free 
Energy 
Change, 
Fe 
Ion Pair Calories 
Physiological ions 
Na*-Kr 
Na*-Cat** 
Na*-Mg** 
K+-Ca** 
K*-Mg** 
Ca**-Mg** 


Reaction 


2K* + NaeX 
Cat* + NasX 
Mg** + 
2K* + CaX 
Me** + KeX 
Mg** + CaX 


KeX + 2Na 
CaX + 2Na* 
MeX + 
KeX + 
MeX + 2K* 
MeX + Ca** 


Nonphysiological ions 
+ NasX 
Sr+*-Na* Sr++ + NaeX = SrX + 2Na* 
Pb++-Cat+ + CaX = PbX + Ca** 
Sr++-Cat+ Sr++ + CaX = SrX + 


PbX + 2Na* 


nonphysiological ions appear in Table 4, 
which includes 10 ion pairs. Other combina- 
tions can be derived from these data. 


COMMENT 

(4) Magnesium Equilibrium.—The com- 
position of the tissues in equilibrium with 
normal blood sodium and magnesium may 
be computed from the data. Normal blood 
sodium is taken as 150 mEq. per liter, and 
normal blood ionic magnesium as 1.0 mEq. 
per liter.° For epiphysis, the density of free 
colloidal charges, x, estimated from the first 
dilution potential, Ey, is 0.163 equivalents 
per kilogram of water. From this value, the 
Donnan ratio is estimated to be 1.68, which 
multiplied by normal blood sodium gives 
the value of tissue sodium as 252 mEq. per 
kilogram of water. Blood ionic magnesium 
multiplied by r? gives 2.8 mEq. as the value 
for tissue magnesium ions. From this value 
and that of the equilibrium constant, A, 
taken as 0.010, the quantity of bound mag- 
nesium is calculated to be 22.8 mEq. per 
kilogram of tissue water. Then the sum 
of ionic and bound magnesium is 25.6 mEq. 
per kilogram of water. These values may 
be compared with those obtained by direct 
analysis,’ giving 280 mEq. for tissue sodium 
and 21.6 mEq. for total magnesium. Table 3 
summarizes other comparisons of direct 
and indirect data. It is considered that the 
electrometric values are in satisfactory agree- 
ment with analytical results and that more 
exact agreement seems hardly to be ex- 
pected because of the competition of other 
ions such as calcium and potassium. Results 
with about the same order of agreement 
were obtained for the calcium-sodium equi- 
librium.* 
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7 
1.68 252 2.8 22.8 25.6 
16 
1.87 (280) 3.5 18.1 (21.6) 0.019 7 : 
mt 

— 3,500 
—2,900 
—1,200 
— 600 
= 


(B) Equilibrium of Blood and Connective 
Tissue with Respect to Sodium, Potassium, 
Calcium, and Magnesium.—From the pres- 
ent results and from previous studies on 
calcium-sodium and potassium-sodium equi- 
libria, it has been concluded that the dis- 
tribution of ions between blood and connec- 
tive tissues follows the Gibbs-Donnan 
principle and that the chemical potentials 
of all the diffusible electrolytes are constant 
throughout the system. To represent these 
multiple and simultaneous changes of related 
variables, it is convenient to employ d’Ocagne 
nomograms analogous to those applied by 
Henderson in his studies of blood.’ In a 
given nomogram, two independent variables 
are chosen. The physiochemical state is 
then described in terms of these two variables 
and any number of dependent variables 
which are known functions of the given 
two. As a first approximation, connective 
tissue may be treated as a system whose 
State is determined by five independent 
variables; these include the concentrations 
of the four blood cations, sodium, potassium, 
calcium, and magnesium. Given these four 
concentrations, the equilibrium is determined 
by «x, the density of immobile colloidal 


Viscous 
Elastic Field 
(Cot (me! 
Epiphysis; 
Sternum | 
Normot | 
symphysis 


Homeostotic Envelope 


if 


(Cox) 
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Tas_e 5.—I/ndex of Nomograms (Figures 1 to 6) 


Figure Independent 

No. Variables * Constants * 
«x, Na Ca, K, Me 
a, K Na, Ca, Mg 
x, Ca Na, K, Me 
x, Me Na, Ca, K 
Na, K ax, Ca, Mg 
Ca, K «x, Na, Me 
Na, Ca «, K, Me 
Na, Me «, K, Ca 
K, Me «, Na, Ca 
Ca, Me Na, K 


*Ions refer to blood levels. The 10 nomograms include 
all pairs of the 5 variables. 


negative charge expressed as equivalents per 
kilogram of tissue water. When these 5 
independent variables are arranged in pairs, 
10 combinations result with 2 of the vari- 
ables in each combination taken as inde- 
pendent, the other 3 being held constant. 
The 10 combinations are listed in Table 5, 
which is an index of 10 nomograms de- 
scribing the physiochemical system. 

The first 4 pairs of variables include +, 
the colloidal charge density, in addition to 
each of the 4 blood cations, so that 4 of 
the 10 nomograms include + as an inde- 
pendent variable (Figs. 1-4). These dia- 
grams show that the distribution of electro- 
lytes in the connective tissue is related to 


Fig. 1.—Nomogram of sodium equilibrium at varying colloidal states of aggregation. Variables 
are tissue cations, bound calcium and magnesium, blood sodium, and density of colloidal charge, 


*, in equivalents per kilogram of tissue water. 
assumed constant at normal homeostatic levels. 


Blood potassium, calcium, and magnesium are 


Varying states of colloidal aggregation are 


included, ranging from highly relaxed symphysis to epiphysis. _ Homeostatic envelope encloses 
all intermediate states in equilibrium with normal blood sodium, calcium, magnesium, and 


potassium. 


tissue -------------------4 |---Bl 
.006 as a5 
' 160 
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tissue 
Fig. 2—Nomogram 
of potassium equilibri- | 
um between blood and ; 
connective tissues. In- | 
dependent variables: | 
colloidal charge den- 
sity, «, and blood po- 
tassium. Dependent 
variables : tissue potas- 
sium, sodium, calcium, : 
and magnesium. 
! 
Viscous 
Elostic Fieid 
Epiphysisr 
Normo! 
Fig. 3. — Nomo- 
gram of calcium 
} equilibrium between 
' blood and connec- 
tive tissues. Inde- 
pendent variables: 
i$ colloidal charge 
density, +, and 
blood ionic calcium. 
12 
ables: tissue cat- 
Skin ry ions. 
' E 
symphysis 


+ -Blood-4 


Viscous 
Elostic Field 
Fig. 4—Nomogram 
of magnesium equilib- Symphysis 


rium between blood Sternum 
and connective tissues. 
Independent variabies : 
colloidal charge den- 


sity, and blood mag- 
nesium. Dependent 
variables: tissue cat- 
ions. Gingive ie 002 
0015 
Skin H oor 
Reloxed 
symphysis 
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Blood Mg | 0 MEQ 
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Blood Mg | MEQ 


Fig. 5.—lonic exchange nomograms for cartilage (normal monkey sternum). Blood mag.- 
nesium constant. Horizontal dotted lines represent normal homeostatic distribution of ions 


between blood and cartilage. Eight variables are represented as follows: 


sodium, potassium, 


calcium, and magnesium in blood (B) and tissue (7). All concentrations expressed in milli- 
equivalents per kilogram of water. In each nomogram the independent variables are two of the 
blood ions, the other two being held constant. Calcium and magnesium are the ionized fractions. 


the colloidal charge density. Since + is 
directly proportional to the base-binding 
capacity of the tissue, it follows that as + 
increases in the connective tissue continuum 
the concentration of all the diffusible cations, 
both free and combined, also increases. It 
should be noted that high values of « occur 
in relatively dense tissues, such as cartilage 
and unrelaxed pubic symphysis, while low 
values of x are characteristic of such tissues 
as relaxed symphysis, skin, and the like. 
These states correspond further to stronger 
or weaker mechanical properties of the 
tissue, or to higher or lower levels of ag- 
gregation of tissue colloids, respectively. 
Body tissues, all in equilibrium with blood, 
have therefore wide limits of physical prop- 
erties, depending essentially on the value 
of x. This variability may be indicated on 
the nomograms by drawing lines from the 
upper and lower values of + to the normal 
blood concentration of a given ion. The 
resultant triangular region has been termed 
the “homeostatic envelope,” and it defines, 
for normal values of the four blood cations, 
the possible states of electrolyte equilibrium 
between blood and connective tissues. 
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In the six remaining nomograms ( Figs. 
5 and 6) the density of colloidal charge, 
x, is treated as a constant, and the result 
of displacement of a blood ion is examined. 
Calculations are made for a high value of 
x (sternal cartilage or epiphysis) at a point 
near the the homeostatic 
envelope, where tissue cation concentrations 
also reach their upper limits. In three nomo- 
grams (Fig. 5) blood magnesium is held 
constant, and in three others (Fig. 6) it 


upper limit of 


is variable. Where blood magnesium is held 
constant, one other blood cation is also held 
constant. When blood magnesium is treated 
as an independent variable, one of the other 
three blood cations is taken as the other 
independent variable. It is evident from 
these six nomograms that normal homeo- 
static distribution of the four cations between 
blood and connective tissue requires that 
all four be at the normal level. This normal 
distribution of ions in the system corre- 
sponds to any of the horizontal dotted lines 
of the six nomograms. In each nomogram 
eight quantities are related, the four blood 
concentrations and the four tissue concen- 
trations. In each instance, two blood levels 


A 
TTB 
(ol 
4 300 3 
(coy 
(Mg) 
100 
90 
2 Norm 
= 
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Fig. 6.—lonic exchange nomograms 
for cartilage (normal rabbit epiphysis). 
Blood magnesium variable. Signifi- 
cance of variables same as in Figure 5. 


are held constant, while the remaining six 
quantities are variable. If any two of these 
six quantities, in addition, are normal, then 
all eight concentrations will fall at the nor- 
mal level. However, if one of the six vari- 
ables is displaced from the normal there 
occurs a state in which four other variables 
are also displaced. Thus, in Figure 54, 
the independent variables are the blood 
sodium and potassium. If blood potassium 
is elevated from normal when blood sodium, 
calcium, and magnesium are constant, it is 
found from the figure that tissue potassium 
is increased, whereas tissue sodium, cal- 
cium, and magnesium are decreased. The 
same result is found for any ion; elevation 
of the blood level of the given ion at con- 
stant blood levels of the other three results 
in an increase of the tissue level of the 
given ion and decreases in the tissue levels 
of the other three. This may be understood 
in terms of a generalized exchange reaction 
as formulated above (Table 4). 

With magnesium, for example: 
Mg**+CaX=MgX+2Ca** 

Thus an increase of blood magnesium every- 
where increases tissue magnesium and de- 
creases tissue sodium, potassium, and cal- 
cium. Exchange reactions of the above type 
may be formulated for any pair of cations, 


Blood No MEQ 
MEQ K 5 MEQ 


C 


T 8 T 
16 6 
«Norm. 
Zils 4 
34740 


Biood No '5O MEQ 
Co 25 MEQ 


out 


either physiological or nonphysiological 
(e. g., strontium and lead). 

The standard free energy change, AF°, 
for exchange reactions involving the physio- 
logical cations appears in Table 4. The data 
refer to six different ion pairs corresponding 
to the pairs of independent variables of six 
nomograms (Figs. 5 and 6; Table 5). The 
value of AF® for exchange of sodium and 
magnesium ions is based on a value of 0.012 
for the equilibrium constant, K, which is 
a mean for several tissues. The calculations 
from which the nomograms are derived are 
based on the mean values for all tissues of 
the standard free energies of Table 4. Of 
the six values of AF°, three are independent ; 
the other three, derived. The former are 
the free energies of formation of the com- 
plexes KX, CaX, and MgX from the 
sodium complex Na:X. For potassium this 
value is —2500 cal. ; for calcium it is —2300 
cal. From these two values, it follows that 
the free energy of formation of K2,X from 
CaX is —200 cal. One may similarly obtain 
the free energies of formation of MgX from 
CaX or from 

From the construction of these nomo- 
grams, it is possible to infer a generalized 
form for any number of cations, either in- 
organic or organic,‘ in equilibrium between 
blood and connective tissues (Fig. 7). 
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Fig. 7—Generalized nomogram of equilibrium between blood and connective tissues. Inde- 
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--Blood-4 


>>} Displaced 


Normal 
level 


pendent variables: x, density of colloidal charge of connective tissue; 7°, concentration of any 


(C) Binding of Lead and Strontium.— 
Because of their charged colloidal structure, 
connective tissues have the potentiality of 
concentrating metal cations. To this property 
is due the approximately 7-fold concentra- 
tion of calcium, and 10-fold increase of mag- 
nesium found in cartilage, as compared with 
serum, as well as the accumulation of sodium 
and potassium.§ It is now shown that both 
lead and strontium have strong tendencies 
to displace calcium from connective tissue 
colloids. The free energy of exchange of lead 
with calcium is —1200 cal., and that of 
strontium with calcium is —600 cal. (Table 
4). Accordingly, lead tends to displace 
strontium with a standard free energy change 
of —600 cal. The standard free energy 
changes involving other ion pairs may be 
readily derived from the data of Table 4. 
This strong affinity of lead for the ground 
substance would be expected to cause dis- 
placement of other metals and cations from 
their physiological associations and to pro- 
duce a lead-colloid complex of such different 
properties as to disrupt the homeostatic 
state and to lead to new states of irritability 
and reactivity. Since magnesium also re- 
places calcium (A/——400 cal.), an excess 


§ References 2, 3, and 7. 
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blood cation. Dependent variables, tissue concentrations of cations, j’, 1’, 2’ to n’. 


of either magnesium or of strontium may 
produce comparable effects, including the 
rickets associated with these elements. 

In the clinical management of lead poison- 
ing, calcium: salts wre sometimes adminis- 
tered, and the effectiveness of this treatment 
may depend en ion-excnange reactions in 
which bound lead is replaced by calcium. 
From theoretical considerations, the limita- 
tions of this treatment may be understood, 
for infusion of calcium must lead to dis- 
placement of other cations as well, thus dis- 
turbing homeostasis, while releasing lead. 
The use of hormones, for example, para- 
thyroid extract, affects the colloidal state 
of the ground substance, particularly of bone. 
Since the disaggregated matrix binds smaller 
quantities of cations, some lead may be 
released into the blood stream and excreted ; 
yet the elevation in blood level may also 
result in an increase in total lead in other 
tissues. Evidence for these possibilities may 
be drawn from the clinical observations of 
Aub and his colleagues.* 

In general, when fluids cr electrolytes are 
introduced into the blood a stress is placed 
on homeostasis in the extracellular ground 
substance and there ensues a displacement, 
which is in the first case physicochemical, 
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and which can be described nomographically. 
Further equilibria at the physicochemical 
level would be expected to involve the intra- 
cellular colloids. 
SUMMARY 

The capacity of connective tissue to inter- 
act with the bivalent cations, magnesium, 
strontium, and lead, was studied by the 
method of liquid junction potentials. Tissues 
used were abdominal skin and epiphysis of 
the rabbit. Dilution potentials with one- 
tenth isotonic saline were measured before 
and after equilibration of the tissues with 
isotonic saline containing a low concentra- 
tion of the bivalent cation, and the difference 
provided a measure of the amount of bivalent 
cation bound to immobile, negatively charged 
tissue colloid. Data for magnesium com- 
plete a description of the equilibrium of 
the physiological ions between blood and 
Reasonable agreement 


connective tissues. 


of electrometric values and those derived 
by direct analysis indicate that the Gibbs- 
Donnan theory may be used to describe 
this equilibrium. From the data, equilibrium 


constants and free energies of formation 
of metal-colloid complexes of the tissues 
were calculated. Values of the latter are 
as follows: for magnesium, —2700 cal.; 
for strontium, —2900 cal.; for lead, —3500 
cal. Thus the foreign cations, and, in par- 
ticular, lead, have a strong affinity for 
ground substance and would be expected 
to displace the physiological cations. The 


implications of this are discussed in relation 
to homeostasis and to treatment of lead 
poisoning. 
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Report of a Case in a Six-Week-Uid Infant with Congenital Malformation of Heart and Great Vessels 


HARRY B. NEUSTEIN, M.D., Denver 


Cardiac cirrhosis is a well-recognized path- 
ologic entity.* Although the etiology of this 
disease has yet to be resolved in a satisfactory 
manner, the role of chronic passive hyper- 
emia has been the subject of many papers. 
Clinically, both congestive heart failure and 
hepatic insufficiency need attention, but the 
first is usually treated and the second goes 
unrecognized in most instances. The purpose 
of this paper is to report the case of a 6-week- 
old infant dying with congestive heart failure, 
who was recently brought to autopsy at the 
Colorado General Hospital, since she was the 
youngest patient with the shortest duration of 
chronic passive hyperemia associated with 
cardiac cirrhosis ever observed personally or 
recorded in the American literature. 


REPORT OF CASE 


A 32-day-old white girl was admitted to the 
Colorado General Hospital because of congestive 
heart failure. The mother’s pregnancy, labor, and 
delivery were uneventful. The birth weight was 
9 Ib. 1 oz. (4110 gm.). Physical examination after 
birth was thought unremarkable except for slight 
edema of the feet. The infant did well in the new- 
born nursery and was discharged home at 7 days 
of age. At 13 days of age the infant was brought to 
the referring physician's office because of “fever, 
cyanosis, and edema of the lower extremities” for 
12 hours. Physical examination revealed an enlarged 
heart with a precordial systolic murmur not previ- 
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ously heard, an enlarged liver, and 4 + edema of the 
feet and legs. The tentative diagnoses were con- 
genital heart disease—interatrial septal defect, con- 
gestive heart failure, and bronchopneumonia. Roent- 
genograms of the chest showed an enlargement of 
the heart, which appeared to be primarily right- 
sided. The patient improved on antibiotic therapy 
and dgitalis and was referred to the Colorado Gen- 
eral Hospital for a diagnostic work-up of the con- 
genital heart disease. On admission the patient was 
a well-developed, well-nourished white baby girl, 
with respirations of 58 per minute. She showed 
severe dyspnea and generalized cyanosis when out 
of oxygen. The temperature was 37 C (98.6 F), 
pulse rate 110 per minute, and weight 3550 gm. A 
grade 3, harsh-blowing systolic murmur was heard 
along the left sternal border and over the precordial 
area. The heart was enlarged to both left and right 
by percussion. The liver was palpated 3 cm. below 
the costal margin in the right midclavicular line, 
and the spleen was palpated 2 cm. below the left 
costal margin in the midclavicular line. Pitting 
edema of the lower extremities was 3+. The 
femoral pulsations were good. An ECG showed 
right axis deviation. During her course in the hos- 
pital the patient became somewhat dusky, even 
though oxygen was administered continuously. Digi- 
talis to the point of intoxication had no effect on 
the tachycardia. Additional roentgenograms of the 
chest were not revealing. The only blood chemistry 
values recorded were as follows: sodium, 146 mEq. 
per liter; potassium, 4.1 mEq. per liter; NPN, 30.5 
mg. per 100 cc.; total protein, 4.9 gm. per 100 cc. ; 
albumin, 3.5 gm. per 100 cc., and globulin, 1.4 gm. 
per 100 cc. The patient was apparently doing well 
when she was found dead in bed on the morning of 
the 15th day of hospitalization. Cardiac evaluation 
had not been completed at the time of death. 


Autopsy FInpINnGs 

Gross Examination.—The autopsy was performed 
five and one-half hours after death. The body 
measured 60 cm. in length and weighed 3290 gm. 
External examination was normal except for en- 
largement of the liver to 5 cm. below the right 
costal margin, a 1+ pitting edema of the legs and 
feet, and looseness of the skin over the legs. Ap- 
proximately 15 cc. of clear yellow fluid was present 
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CARDIAC CIRRHOSIS 


Fig. 1—Heart. Note the hypertrophy of the ven- 
tricular muscle. The probe in the ventricles is placed 
through the interventricular defect. The upper probe 
lies in the coarcted segment of the aorta. x 4%. 


in each pleural cavity. The heart (Fig. 1) lay 
transversely in the thoracic cavity and measured 
7 cm. in greatest width. The transverse diameter 
of the thoracic cage at this level measured 11.5 cm. 
The right atrium, right ventricle, and left ventricle 
were dilated and hypertrophied. The right ventricu- 
lar musculature measured 5 mm. in greatest thick- 
the left, 8 mm. The tricuspid valve was nor- 
mal. The foramen ovale was patent to a probe 


ness; 


inserted from the right atrium. The membranous 
portion of the interventricular septum consisted of 
a membrane 4 mm. in diameter containing a 1- to 
2-mm. opening at its center. The interventricular 
septum was 6 mm. thick. The cusps of the aortic 
valve were thickened, and the aortic valve was rela- 
tively stenotic, measuring 19 mm. in circumference. 
The great vessels were abnormal. The pulmonary 
artery was dilated, measuring 27 mm. in circum- 
ference. The aorta measured only 18 mm. in cir- 
cumference. The aorta was narrowed to 4 mm. in 
diameter from a point just distal to the common 
carotid artery to the origin of the left subclavian 
artery, whereas the major vessels from the arch of 
the aorta averaged 6 mm. in diameter. The de- 
scending thoracic aorta was 10 mm. in diameter 
distal to the narrowed segment. The ductus arteri- 
osus was 4 mm. in length, and the internal diameter 
was 2 mm. The right lung weighed 60 gm., and the 
left 55 gm. (normal expected weights, 32 and 28 
gm.). Surface and cut section were subcrepitant and 
mottled blue-red. The pulmonary veins were nor- 
mal. The spleen weighed 21 gm. (normal expected 
weight, 13 gm.) and was firm and dark red. The 
liver weighed 205 gm. (twice the expected weight). 
The sharp anterior edge was 5 cm. below the costal 
margin in the right midclavicular line, and 7 cm. 
below the xiphoid process. The capsule of the liver 


was smooth and glistening and showed no gross 
nodularity. The surface was yellow-tan over the 


right lobe and yellow-tan with a slight green tinge 
over the left lobe. Cut sections revealed increased 
consistency of the entire liver, but more in the 
right lobe. The same coloration noted on the sur- 
face was seen on cut section. The portal vein, 


Fig. 2. — Liver. This 
photograph demonstrates 
the connection of central 
veins by connective tissue. 
Hematoxylin and eosin; 
reduced slightly from mag. 
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hepatic veins, and inferior vena cava showed no 
gross abnormalities. The gall bladder contained 
approximately 5 cc. of light green-brown, thin bile. 
Pressure on the gall bladder caused an immediate 
flow of bile from the ampulla of Vater. The re- 
mainder of the gross autopsy findings, including 
examination of the brain, was unremarkable. 


Microscopic Examination.—Pertinent mi- 
croscopic findings were limited to the liver 
(Figs. 2-5) and great vessels. The liver 


Fig. 4—Liver. This photomicrograph demon- 
strates the condensation of the reticulum fibers 
around central veins and connection of central veins. 
Reticulum stain; reduced about 4 from mag. x 90. 


A. M. A. 


ARCHIVES OF PATHOLOGY 


Fig. 3.—Liver. A higher 
magnification from an 
area in Figure 2. Gomori 
trichrome ; reduced slight- 
ly from mag. X 90. 


showed moderate infiltration of fat presenting 
as vacuoles in the cytoplasm of liver cord 
cells displacing the nuclei to the periphery. 
The distribution of these fat-laden cells was 
in no particular pattern. The central veins 
were engorged. Central zone liver cells were 
either fragmented or absent in many lobules, 
without inflammatory reaction. Connective 
tissue was prominently increased around cen- 


Fig. 5.—Liver. Note the connective tissue con- 
necting adjacent central veins and the fatty infiltra- 
tion of liver cells. Hematoxylin and eosin; reduced 
about % from mag. x 180. 
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CARDIAC CIRRHOSIS 

tral veins of lobules and around large hepatic 
veins. The connective tissue radiated from 
central veins, occasionally connecting with 
central veins of other lobules and rarely with 
the portal triads. In some areas proliferated 
bile ducts and blood-containing capillaries 
were prominent in the increased connective 
tissue, but inflammatory cells were incon- 
spicuous. Bile casts were seen in bile cana- 
liculi in all parts of lobules, but not in the 
large bile ducts in portal triads. The portal 
triads and blood vessels other than noted 
above were intact. No evidence of nodular 
regeneration of liver cells was seen. The 
central Kupffer cells and histiocytes in the 
new connective tissue contained brown pig- 
ment, all positive for iron with the Turnbull- 
blue method. 

The wall of the coazcted segment of the 
aorta was thinned. The intima was irregu- 
larly slightly thickened by connective tissue. 
Elastic fibers were decreased in number and 
disorganized by abundant basophilic material 
between fibers. The ititima of the ductus arte- 
riosus was thickened by proliferated fibro- 
cytes and showed loss of elastic fibers from 
the media. The cusps of the aortic valve 
were thickened by fibrous connective tissue 
focally loosened by basophilic mucoid mate- 
rial. The only other microscopic finding of 
note was chromatolysis of neurons of the 
dentate nucleus of the cerebellum. The final 
anatomic diagnoses were 

1. Malformation, congenital, heart and great 

vessels 
(a) Interventricular septal defect 
(b) Hypertrophy and dilatation, heart 
(c) Patent ductus arteriosus 
(d) Coarctation of the aorta 
(e) Fibrosis, aortic valve 

. Fibrosis, liver (cardiac cirrhosis) 

. Infiltration, fat, liver 

. Hyperemia, acute and chronic, passive, lungs 

. Hydrothorax, bilateral 

. Edema, legs 


. Congestive heart failure—clinical diagnosis 


COMMENT 
In the following paragraphs the incidence, 
terminology, pathology, pathogenesis, rela- 
tionship of duration of hyperemia and cardiac 


cirrhosis, clinical aspects and possible role 
of increased anoxia at high elevation are dis- 
cussed. 

Koletsky and Barnebee' stated that ap- 
proximately 10% of patients with chronic 
congestive heart failure show cardiac cirrho- 
sis at autopsy. Of these, 50% were associated 
with rheumatic heart disease. On the other 
hand, the incidence of cardiac cirrhosis in 
patients with rheumatic heart disease was 
19%. Kotin and Hall * gave figures compar- 
able to those of Koletsky and Barnebee. Gar- 
vin * set the incidence of cardiac cirrhosis at 
4.4% (35 out of 790 cases of patients dying 
of cardiac disease). He further broke these 
figures down to indicate that 11.8% of the 
patients with rheumatic heart disease had 
cardiac cirrhosis, 5.3% of patients with hy- 
pertensive cardiovascular disease, and only 
1.7% of patients with other types of heart 
disease. He also stated that in only 5 of the 
35 cases was the antemortem diagnosis of 
cardiac cirrhosis suspected or made. Katzin 
and co-workers* selected 286 cases of chronic 
passive hyperemia of the liver from 2000 
consecutive autopsies. A total of 95 cases, 
or 33%, had increased connective tissue in 
the liver. By eliminating 15 of these cases 
with biliary tract disease, the incidence of 
increased connective tissue was still 28%. Of 
the 286 cases, 4% had cirrhosis. Boland and 
Willius ° selected 75 cases of chronic passive 
hyperemia of the liver in which either re- 
peated bouts of congestive heart failure or a 
single prolonged episode of congestive heart 
failure occurred. Five of these had cirrhosis, 
an incidence of 7%. Castberg® selected 84 
cases in which heart failure was present for 
one month to more than five years. The inci- 
dence of cirrhosis was 2.4%, although 58% 
of the cases showed some degree of increase 
in connective tissue in the liver. Thus the 
incidence of cardiac cirrhosis ranges from 
2.4% to 10%, depending upon the manner in 
which the cases are selected. 

The pathology of cardiac cirrhosis has 
become confusing because authors divide 
cases into various degrees of fibrosis of the 
liver with the severest recorded as cirrhosis. 
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The results may vary with individual inter- 
pretation. Many objections have been raised 
to the use of the term cirrhosis, but I believe 
that substitution of the term fibrosis is not 
the ultimate answer. Fibrosis has a very lim- 
ited meaning. The term cirrhosis has been 
injudiciously used, but does, however, con- 
note, if only by its common use through the 
years, more of the general processes of fibro- 
sis, bile duct proliferation, infiltration of 
variable types and quantities of inflammatory 
cells, and distortion of lobular pattern as 
seen in the pathologic process under consid- 
eration. An interesting observation made by 
Katzin and co-workers * and confirmed by 
the cases of Castberg® is that fibrosis in 
chronic passive hyperemia is not always 
purely central. Katzin and co-workers stated 
that only 26 of 95 cases had pure central 
fibrosis. Castberg indicated that with severe 
fibrosis in chronic passive hyperemia, in- 
crease in connective tissue in the periportal 
spaces is frequent. As noted below, he has 
classified his cases into moderate fibrosis, 
severe fibrosic and cirrhosis, defining the 
last as fibrosis .omprising over one-half the 
lobular area. This rather exacting criterion 
for the diagnosis of cardiac cirrhosis may 
well indicate why the incidence of cirrhosis 
in his series is so low. 

It is generally accepted that the initial stage 
in cardiac cirrhosis is chronic passive hyper- 
emia followed by necrosis of central lobular 
cells. The subsequent formation of connec- 
tive tissue is not clearly understood. Hims- 
worth * concluded from the work of Cameron 
and Oakley * that substance which 
caused fibrosis to develop is liberated from 


some 
degenerated liver cells. Moschcowitz,’ on 
the other hand, believes that the genesis oi 
this fibrotic process of the liver is the same 
as in any necrotic area of any organ, namely, 
He 
described the sequence of events as follows: 
(1) absorption of degenerated cells; (2) in- 
filtration of lymphocytes, plasma cells, and 


the formation of granulation tissue. 


segmented neutrophiles; (3) transformation 
of lymphocytes into fibroblasts and then 
capillarization of the foci. This interpretation 
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is difficult to accept in view of findings of the 
case reported. Sherlock '® described all phases 
in the evolution of cardiac cirrhosis based on 
41 liver biopsies from patients with cardiac 
failure. The most constant finding was central 
zone liver cell necrosis. In 15 of the biopsies, 
fatty change without constant pattern was 
present. After central zone necrosis, reticulum 
fibers became more closely approximated. 
This was followed by formation of new reticu- 
lum fibers and collagen. Sherlock did not de- 
scribe proliferation of fibroblasts in this lesion. 
The more severe stages showed bands of con- 
nective tissue linking the central veins. In the 
long-standing cases, fibrosis, round-cell infil- 
tration, bile duct proliferation, and nodules of 
regeneration of liver cells were observed. 
This latter picture could well be confused 
with portal cirrhosis. Sherlock also favored 
the interesting theory that collagen fiber for- 
mation occurs by precipitation in protein- 
rich exudate. This theory is not new. 
Eppinger and co-workers"! referred to 
Rossle (1930), who perceived transforma- 
tion of “exudate” of serous inflammation of 
the liver into connective tissue fibers. Bait- 
sell,’* in 1915, thought that connective tissue 
fibers could originate through transformation 
of fibrin. Currently several authors have reit- 
erated some of these concepts in the genesis 
of the formation of collagen fibers. The 
reader is referred to the Josiah Macy, Jr. 
Foundation Conferences on Connective Tis- 
sue (1950-1955)'* for more detailed infor- 
mation on collagen formation. 

Most authors do agree that severity and 
quantity of increase in connective tissue in 
the liver is proportional to the duration of 
the congestive heart failure. In Koletsky and 
Barnebee’s ' cases, cardiac failure was pres- 
ent 1 to 14 years. Katzin and co-workers * 
stated that approximately 50% of the patients 
with chronic congestive heart failure for 
9 months or longer will show morphologic 
increase in connective tissue in the liver. In 
Boland and Willius’® series, four to five 
months was the shortest duration that con- 
gestive heart failure was present. Castberg * 
selected cases in which chronic passive 
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hyperemia was present from one month to 
more than five years. He did not indicate 
whether any patients with the shorter periods 
of hyperemia showed the more extensive 
fibrosis. He did, however, state that the 
amount and severity of fibrosis increases with 
the duration of chronic passive hyperemia. 
Boland and Willius* made the interesting 
statement that “cases of congestive failure of 
short duration were excluded (from their 
series) as cardiac cirrhosis is not encoun- 
tered in such instances.” They based this 
opinion on a review of 500 unselected cases 
of chronic passive hyperemia of the liver. 
That the above quotation is most usually true 
is not questioned, but the case reported here 
indicates that it is by no means always true. 
Most authors also agree that cirrhosis is more 
likely to occur with repeated bouts of con- 
gestive heart failure than with single pro- 
longed episodes of congestive heart failure. 
However, no quantitative comparison of the 
actual duration of the congestive heart fail- 
ure, whether in intermittent episodes or pro- 
gressive, has been made. The role of rheu- 
matic heart disease has been emphasized, but 
it would appear that the increased incidence 
of cardiac cirrhosis associated with rheumatic 
heart disease is due to the prolonged cardiac 
failure that frequently occurs in this disease. 
Kotin and Hall? had 24 cases of congestive 
heart failure secondary to congenital heart 
disease, but only one of these patients showed 
cardiac cirrhosis, a woman, 56 years of age. 

The clinical aspects of cardiac cirrhosis 
will not be discussed except to state that the 
problem of concomitant congestive failure 
usually far overshadows the cirrhosis, if 
present. It does seem possible, however, that 
the congestive heart failure can be overcome, 
but that the irreversible cirrhosis which has 
resulted will ultimately cause the demise of 
the patient. Johnson '* enumerated several 
things that should make the clinician con- 
sider the diagnosis of cirrhosis in patients 
with congestive heart failure. These are as 
follows: (1) loss of appetite, loss of strength, 
loss of true body weight; (2) anemia and 
jaundice, both infrequent; (3) a small liver 


in the presence of congestive failure or 
enlarged liver after the failure has been 
relieved; (4) enlarged spleen; (5) unusu- 
ally high venous pressure; (6) low plasma 
albumin, and (7) ascites greater than the 
peripheral edema, or persistence ot. ascites 
after peripheral edema has subsided, or 
ascites which does not respond to the usual 
therapeutic regimens. 

Keller and Nute’™ reported a_ case 
(Case 5) of an infant who first had signs of 
congestive heart failure at 9 days of age. 
Hepatomegaly and splenomegaly were noted 
17 days before death, which occurred at 
+ weeks of age. Ascites and jaundice were 
noted seven days before death, with the jaun- 
dice most intense two days before death. 
There was no evidence of infection. The 
pathological findings were (1) saccular dila- 
tation of a patent ductus arteriosus; (2) 
hypertrophy and dilatation of the heart; (3) 
thrombi in Thebesian veins and in both car- 
diac ventricles; (4) thrombi in abdominai 
aorta and several branches of the mesenteric 
artery; (5) chronic passive congestion of the 
liver with striking loss of hepatic paren- 
chyma, fibrosis, and calcification. This case 
is too involved to be regarded simply as a 
case of cardiac cirrhosis. Calcification of the 
liver in cirrhosis is not described, to my 
knowledge. Although no photographs or 
detailed descriptions of this case are given 
by the authors, it is reasonable to suspect 
that the fibrosis and calcification in the liver 
may represent healing of infarcts, especially 
with the finding of thrombi in many arteries 
and in the heart. 

The case herein reported is unusual, since 
it represents the earliest age and shortest 
duration of chronic passive hyperemia associ- 
ated with cirrhosis known to me or found 
in the American literature. The degree of 
fibrosis which is assumed to have occurred 
after birth is striking. Chronic passive 
hyperemia of the liver appears to be the only 
obvious antecedent process. This case thus 
demonstrates that cardiac cirrhosis is not 
necessarily a disease which occurs only in 
prolonged single attacks of cardiac failure or 
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with repeated attacks of cardiac failure. This 
case points to another problem. In this era 
of extensive surgical treatment of patients 
with congenital heart disease, some of whom 
have had severe chronic passive hyperemia 
for long periods of time, the presence of cir- 
rhosis and whether it be a factor in the 
eventual life expectancy may become an 
annoying clinical problem. However, a cur- 
sory review of t... patients who died of con- 
genital heart disease at the Children’s Hospi- 
tal of Pittsburgh ¢ revealed no similar cases. 
An incidental thought in the case reported 
has reference to the locale in which the infant 
was born. Perhaps anoxia occurring with 
chronic passive hyperemia is greater in 
Pueblo, Colo., elevation 4668 feet above sea 
level, than in areas of lower elevation. The 
mean peripheral arterial oxygen tension in a 
study of normal adults ** acclimatized at an 
elevation of one mile is 74.8 mm. Hg. The 
mean peripheral arterial carbon dioxide ten- 
sion is 33 mm. Hg. The corresponding fig- 
ures ** at sea level are peripheral arterial oxy- 
gen tension 100 mm. Hg; peripheral arterial 
carbon dioxide tension 47 mm. Hg. Studies 
of effect of altitude and, hence, changes of 
arterial oxygen tension with regard to the 
incidence of cardiac cirrhosis and comparable 
disease have not been carried out, to my 
knowledge. 
SUMMARY 


An unusual case of cardiac cirrhosis occur- 
ring in a 6-week-old infant with congenital 
malformation of the heart and great vessels 
is reported in detail, because this case repre- 
sents the youngest person and the shortest 
duration of chronic passive hyperemia of the 
liver associated with cardiac cirrhosis seen 
personally or recorded in the American lit- 
erature. 

The incidence of cardiac cirrhosis varies 
from 2.4% to 10%, 
cases 


depending on how the 
are selected. Rheumatic heart disease 
is the commonest cause of cardiac failure in 


cases of cardiac cirrhosis. 


+ Fetterman, G. H.: Personal communication to 
the author, 1956. 
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The pathogenesis of cardiac cirrhosis re- 
mains controversial. 

The pathologic picture in cardiac cirrhosis 
is one in which an apparent or real increase 
in fibrous connective tissue around central 
veins often connects central veins of adjacent 
lobules and occasionally portal triads. This 
connective tissue may contain proliferated 
bile ducts, some lymphocytes, and plasma 
cells. 

Clinically the problem of cardiac failure 
overshadows the cirrhosis, if present. It 
seems quite possible that cardiac failure can 
be successfully treated, only to have the 
patient die of hepatic insufficiency, usually 
unrecognized and untreated. 

The possibility of occurrence of cardiac 
cirrhosis with short periods of chronic pas- 
sive hyperemia may well create a problem in 
patients with congenital heart disease who 
undergo surgery. These patients often have 
long-standing chronic passive hyperemia. 

The peripheral arterial oxygen saturation 
at an elevation of approximately one mile is 
lower, and the peripheral arterial carbon 
dioxide tension is much higher, than at sea 
level. It is possible that at high elevation 
this greater anoxia may play an important 
role in development of cardiac cirrhosis. 
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Geiger and associates were the first to 
produce skeletal deformities by feeding sweet 
pea meal ( Lathyrus odoratus) and casein to 
growing rats.'. This observation has been 
confirmed by other workers.* Spontaneous 
aortic rupture was not described until the 
report of Ponseti and Baird.* To produce 
aortic rupture as well as the bony malforma- 
tions, these authors fed sweet pea meal alone 
or supplemented with minimal concentrations 
of casein. We were able to produce aortic 
rupture in 50% of the rats only when the 
casein level was reduced to 10%.*° Dasler was 
able to decrease the severity of bony deform- 
ity by increasing the protein concentration 
fed with the sweet peas.* Walker and Wirt- 
shafer have observed more extensive arterial 
injury than other workers after feeding crude 
sweet pea meal.’ When crude diets | were 
used, one could not resolve which dietary in- 
gredients in casein modified the action of the 
toxic factor. The toxic factor in sweet peas 
has been identified as N-y-L-glutamy])- 
aminopropionitril.* It has been demonstrated 
that feeding B-aminopropionitrile (BAPN ) 
at levels of 0.15%-0.4% in the diet will pro- 
duce skeletal deformities as readily as the 
incorporation of 50% crude sweet pea meal. 
Aortic rupture, however, has occurred only 
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rarely following the feeding of BAPN.{ In 
the present study, mixtures’ of dietary in- 
gredients were fed in excess together with 
BAPN to determine whether they would 
enhance or suppress the development of 
lathyrism. 
METHOD 

Sprague-Dawley rats of either sex, weighing 
39-55 gm., were used in these assays. Approximately 
similar diets were fed to which either fluid BAPN § 
(Experiment A) or the hydrochloride salt of 
BAPN (Experiment B) was added with amino 
acids alone or combined with an excess of certain 
B vitamins. 


Diet A Diet Bi 
Casein (Borden’s)..... 12% Crude 12% “Vitamin-free” 
Cerelose (dextrose)... 78% 78% 
Salt (Wesson)......... 41% 41% 
6% 6% 


In the control and test diets the water-soluble 
vitamins were added to and mixed with the casein- 
Cerelose-salt mixture (mg/kg.): thiamine HCl, 
2.5; riboflavin, 3; pyridoxine HCl, 2.5; calcium 
pantothenate, 20; nicotinic acid, 10; 1t-inositol, 10; 
biotin, 0.5; folic acid, 2, and menadione, 10. The 
following were also added to the dry mixture 
(mg/kg.): choline chloride, 1000; pt-methionine, 
1000, and L-cystine, 1000. The fat-soluble vitamins 
were diluted in 60 gm. of corn oil (per kilogram 
of diet) : vitamin A acetate, 6000 I. U.; vitamin D, 
60 I. U.; a-tocopherol, 100 mg. In test diets used 
in Experiment A, 2 ml/kg. of BAPN was sus- 
pended by agitation in the corn oil and fat-soluble 
vitamins before mixing with the dry ingredients. 
When supplements of amino acids were included in 
the diets, they were added at the expense of Cere- 
lose. “Vitamin-free” casein was substituted for 


crude Borden's casein in Experiment B. In test 


t References 9-10. 

§ Synthetized by E. D. Schilling with F. M. 
Strong, Department of Agricultural Biochemistry, 
University of Wisconsin. 

|| Vitamin-free casein, Wesson salt, amino acids, 
and vitamins were purchased from Nutritional Bio- 
chemical Corporation, Cleveland. 
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diets used in Experiment B the more stable hydro- 
chloride of BAPN, 2.5 gm/kg., was mixed with 
the dry ingredients before the addition of oil and 
fat-soluble vitamins. The control and test diets 
were also supplemented with an excess of vitamins, 
pi-methionine, or glycine, as shown in Table 2. 
The diets were prepared every other week and kept 
at 0 to 5C. Six to seven rats were housed in one 
mesh-bottom cage and fed ad libitum for seven 
weeks. When the rats died, or after the seventh 
week, autopsies were performed, and the following 
were recorded: weight gain; presence of sternal, 
vertebral column, or femoral deformities; aneu- 


4, 8, and 10), skeletal malformations devel- 
oped. The deformities observed in the various 
assays were of equivalent severity. Hernia- 
tion into the femoral canal or scrotum was 
relatively common in Assays 6 to 10. A five- 
fold excess (12.5 mg/kg.) of thiamine HCl 
and pyridoxine HCl when combined wich 
glutamic acid improved the weight gain with- 
out influencing the development of hernia 
(Assay 10). In several instances the intestine 
became incarcerated in the hernia and the 


rysm, hemorrhages, or rupture of the aorta; herni- 
ation or other obvious alterations. In this study a 
correlation between the gross abnormalities and 
their incidence in the different assays seemed more 


animals died of intestinal obstruction. On the 
other hand, hernias were not observed when 
an excess of certain vitamins and DL-trypto- 


Taste 1 (Experiment A).—Z/ncidence of Hernia and Aortic Rupture in Rats Fed BAPN 
and Certain Amino Acids for Forty-Nine Days 


Weight Gain and Incidence 
of Changes 


Supplement Added to Diet A 


Vitamin Excess, BAPN, No. of Aortie 
Assay Mg./Ke. Amino Acid, Gm./Kg. ML /Ke. Rats Gm./Day Hernia Rupture 
2 B mixture ¢ Di-tryptophan 10.0 23 7@) 1.58 0 1 
Di-tryptophan 10.0 2 1.70 0 1 
4 B6 5.0 L-arginine 10.0 2 7@) 1.55 0 1 
0.0 Glycine 13.0 2 1.56 2 0 
0.0 Di-alanine 17.0 2 1.27 2 1 
8 Bl 12.5 Di-alanine 2 1.02 3 0 
_ 0.0 u-glutamie 29.4 2 6 (0) 1.26 2 0 
L-glutamie 29.4 2 6 (2) 1.74 3 0 


* Number of rats that died during the experiment is shown in parentheses. 

+ Vitamin B mixture (mg/kg.) = folie acid, 4; biotin, 1; riboflavin, 6; calcium pantothenate, 40; nicotinie acid, 20, 
and i-inositol, 20. 
t Two milliliters of BAPN is equivalent to 1.9 gm. of BAPN. 


informative than a microscopic analysis of tissues 
in the evaluation of results. 

ExprerIMENT A.—bL-tryptophan, L-arginine, gly- 
cine, pi-alanine, and t-glutamic acid were added 
‘alone or mixed with an excess of some B vitamins 
and incorporated with 2 ml/kg. of BAPN in the 
test diets. Observations made in two control and 
eight test assays are tabulated in Table 1. 


In the two dietary control groups without 
BAPN (Assays 1 and 5), there was no evi- 
dence of skeletal deformity, herniation, or 
alteration in the aortic arch. The weight gain 
was the greatest in the two control assays. 
When 2 ml/kg. of BAPN was incorporated 
in the diet with an amino acid ( Assays 6, 7, 
and 9) or an amino acid combined with an 
excess of certain B vitamins (Assays 2, 3, 


phan or L-arginine were fed with BAPN 
(Assays 2, 3, and 4). Rats fed an excess of 
alanine or glutamic acid (alone) gained 
poorly. Addition of thiamine HCl to alanine 
failed to improve the weight gain ( Assay 8). 
The incidence of aortic rupture was relatively 
infrequent, because only 4 of 51 rats died of 
hemothorax and aneurysms of the aortic arch 
were observed only in 2 of the 47 survivors. 

Experiment B.—“Vitamin-free” casein was sub- 
stituted for crude casein, and the more stable hydro- 
chloride salt of BAPN was given. In Assays 1-8, 
pL-methionine supplement was increased to 0.8%, 
and the vitamin mixtures were varied. In Assays 9 
and 10, the rats were fed 0.8% glycine with an 
excess of B vitamins. Observations on four control 
and six test groups performed on three separate 
occasions are shown in Table 2. 
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Rats on control diets gained more weight 
than those fed BAPN-HCI (Assays 1, 5, 7, 
and 9). BAPN-HC1 is toxic at this concen- 
tration, because the average weight gain was 
always less in the test animals. Test rats 
supplemented with pt-methionine alone (As- 
say 2) gained less than those receiving B 
vitamins and methionine (Assays 3, 6, and 
8). Herniation was observed in 2 of 48 test 
rats. Aortic rupture occurred in 19 of 36 
rats fed pt-methionine alone or combined 
with one or more B vitamins (Assays 2, 3, 
4, 6, and 8). The rats frequently first de- 
veloped dyspnea and then died after four or 
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observed in four of nine surviving rats in 
Assay 10. Fecal impaction was also observed 
in three rats in this group. 


COM MENT 


In the present study 12% casein with a 
known concentration of BAPN was fed so 
that the addition of different amino acids 
could be evaluated for their influence on tox- 
icity. It has not been possible to prevent mal- 
formation of bone in rats fed BAPN by the 
addition either of some amino acids or of 
B vitamins in these experiments. Peculiarly, 
however, associated changes, such as weight 


Taste 2 (Experiment B).—Z/ncidence of Aortic Rupture and Hernia in Rats Fed BAPN-HCI 
with pi-Methionine or Glycine for Forty-Nine Days 


Supplement Add Added to Diet B 


itamin Excess, 


Assay Mg./Kg. Amino Acid, Gm./Kg. 
0.0 DL-methionine 8.0 
0.0 Dt-methionine 8.0 
3 Bmixture}... DL-methionine 8.0 
4 Be 12.5 Dt-methionine 8.0 
5 Bmixture{... DL-methionine 8.0 
6 B mixture { Di-methionine 8.0 
7 B mixture § DL-methionine 8.0 
8 Bmixture§.... DL-methionine 8.0 
9 Bmixture§... Glycine 8.0 

10 Bmixture§.... Glycine 8.0 


Weicht Gain and Incidence 
of Changes 


BAPN HCl, No. of 


Aortic 
Gm./Kg." Rats Gm./Day Hernia Rupture 


0.0 6 (0) 2.21 0 0 
2.5 6 (2) 1.51 1 2 
2.5 6 (4) 1.66 0 4 
2.5 6 (3) 1.72 0 3 
0.0 6 (0) 3.01 0 0 
2.5 6 (5) 1* 4 5 
0.0 6 (0) 2.28 0 
2.5 12 (6) 1.66 0 5 
0.0 6 (0) 2.54 0 0 
25 12 (3) 1.54 1 1 


* Two and one-half grams of BAPN-HC!I is equal to 1.7 gm. of BAPN. 
+ Number of rats that died during the experiment is shown in parentheses. 


{ Vitamin B mixture (mg/kg.) = folie aie, 10; biotin, 
ealeium pantothenate, 100, and +-inositol, 


2.5; thiamine HCl, 12.5; riboflavin, 15; nicotinie acid, 50; 


§ Vitamin B mixture (mg/kg.) = poly ‘acid, 5 eeeem 0.5; thiamine HCl, 2.5; riboflavin, 3; pyridoxine HCI, 2.5; 


ealeium pantothenate, 20; nicotinic acid, 10; 


more weeks. Aortic aneurysm or hemorrhage 
was observed in 8 of 17 surviving rats which 
were fed pt-methionine. Some alteration was 
observed in the aortic arch in 27 of 36 rats 
in the methionine test group. It is of interest 
that those rats which gained the most weight 
without severe vertebral column deformities 
and hindlimb weakness appeared most prone 
to aortic rupture (Assay 6). Rats receiving 
0.8% glycine and an added maintenance level 
of B vitamins in excess with BAPN-HCl 
(Assay 10) were less active and gained less 
weight than rats in Assay 8. In Assay 10 
one rat died of aortic rupture, one of hernia, 
and a third following hindlimb paralysis. 
Gross arterial hemorrhage or aneurysm was 
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gain, herniation, or aortic rupture, have been 
modified by the supplements which are fed 
with BAPN. Weight gains were greatest in 
those test rats which received excess vita- 
mins with one of the following: pL-trypto- 
phan, t-glutamic acid, or pL-methionine. 
Herniation was more frequent in test rats fed 
glycine, pt-alanine, or .L-glutamic without 
added vitamins. One might well anticipate 
that there would be some relationship be- 
tween the development of herniation and 
aortic rupture. This, however, was not the 
case in the test assays. An excess of one or 
more B vitamins was fed with BAPN and 
amino acids in some of the assays. It was 
not possible to counteract BAPN toxicity 
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AORTIC RUPTURE IN LATHYRISM 


significantly by the addition of an excess of 
B vitamins. There is a suggestion, however, 
that added supplements of mixtures of B 
vitamins exert some influence on weight 
gain, and possibly hernia formation. 


In a former study, when 1.9 gm/kg. of 
BAPN was added to the diet without sup- 
plements of amino acids or B vitamins, aortic 
rupture occurred in 2 of 20 rats.'° In Experi- 
ment A of this study the incidence of rupture 
was approximately similar, since 4 of 51 rats 
died of hemothorax. In five test assays in 
Experiment B, when an excess of pt-methio- 
nine was fed with BAPN-HCI, the incidence 
of aortic rupture was greater, being 19 of 36. 
The microscopic alterations which developed 
in the aorta of rats fed BAPN are similar to 
the changes previously reported following the 
feeding of crude sweet pea meal.f/ Only one 
rat developed visible hemorrhage in the lower 
thoracic aorta, and no gross hemorrhages 
were observed in the abdominal aorta. The 
more widespread arterial injury observed by 
Walker and Wirtshafer,’ which is in contrast 
to our findings, raises the question whether 
the crude diet fed or the Long-Evans strain 
of rat is responsible for the variations. These 
dietary studies offer no suggestion as to the 
mechanism by which BAPN exerts its influ- 
ence on developing mesenchymal tissue. The 
assays indicate that BAPN is toxic, since the 
test rats always gained less weight than the 
control animals. Some of the manifestations 
of BAPN toxicity, such as weight gain, hind- 
limb muscle weakness, and aortic rupture, 
can be modified by an excess of B vitamins 
and some of the amino acids. 


BAPN belongs to a family of chemicals 
many of which are known to be toxic.# In 
studies on nitrile toxicity, deformities in the 
skeleton had not been recorded until after the 
discovery of BAPN. The lethal dose and 
the response of the animal to a nitrile are 
extremely variable, depending upon the 
chemical structure.’* Since the discovery of 
BAPN, only aminoacetonitrile and _bis-B- 
(cyanoethyl )-amine have been added to the 


{ References 5 and 7. 
# References 11-13. 


list of nitriles which are capable of producing 
skeletal malformation.* Hindlimb paralysis 
has been frequently observed in rats fed sweet 
pea meal. The paralysis has been attributed 
to compression of the cord secondary to de- 
formities in the vertebral column.* This 
process undoubtedly contributes to the cause 
of paralysis in some rats. The observation of 
hindlimb spasticity or weakness in rats be- 
fore vertebral column deformities develop 
suggests that the effect of BAPN on nerve 
tissue deserves further investigation. 


SUMMARY 


A known concentration of BAPN was fed 
with different amino acids and vitamins in 
14 test assays to determine whether they 
would influence or affect in any manner the 
activity of the toxic factor. Feeding BAPN 
in diets containing 12% casein with adequate 
salts, vitamins, fats, and carbohydrates to 
growing rats will produce aortic rupture, in 
addition to the other abnormalities which 
have been observed in lathyrism. Aortic rup- 
ture occurred in 5 of 63 test rats in nine 
assays when BAPN was fed with one of the 
following : pL-tryptophan, L-arginine, glycine, 
pt-alanine, and L-glutamic acid. In five as- 
says when 8 gm/kg. of pt-methionine alone 
or mixed with an excess of certain B vita- 
mins and BAPN was fed, aortic rupture 
occurred in 19 of 36 rats. None of the amino 
acid and vitamin mixtures fed with BAPN 
prevented the development of skeletal de- 
formities. The incidence of aortic rupture, 
however, was modified by the amino acid 
which is fed with BAPN. Dt-methionine 
predisposed to aortic rupture more than any 
other amino acid tested when fed with BAPN 
to young rats receiving 12% casein in the 
diet. 
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News and Comment 


PERSONAL 


Kovalenko Medal Awarded Dr. Peyton F. Rous.—At the annual meeting of the 
National Academy of Sciences held in Washington on April 23, 1956, Dr. Peyton F. Rous was 
awarded the Kovalenko Medal in recognition of his outstanding contributions to the medical 
sciences. 


Dr. Frank B. Johnson Elected to Council of Histochemical Society.—Dr. Frank B. 
Johnson, Chief of the Histochemistry and Cytophysics Branch of the Armed Forces Institute 
of Pathology, was elected a member of the council of the Histochemical Society at its recent 
meeting in Atlantic City. 


Appointments.—Dr. Howard T. Karsner has been elected Chairman of the Advisory 
Medical Board of the Leonard Wood Memorial for the Eradication of Leprosy. 

Capt. William M. Silliphant, Director, Armed Forces Institute of Pathology, has been 
appointed to the Board of Editors of the American Journal of Clinical Pathology. 


ANNOUNCEMENTS 


Conference on Cancer.—The American Cancer Society and the National Cancer Institute 
of the Public Health Service will jointly sponsor the third National Cancer Conference in 
Detruit, June 4-6. More than a thousand research scientists and clinicians, including many from 
foreign countries, are expected to attend. The opening session, in the Sheraton-Cadillac Hotel, 
will feature addresses by Dr. John R. Heller, director, National Cancer Institute, Bethesda, Md., 
and Dr. Charles S. Cameron, scientific director, American Cancer Society, New York City. 
Morning and afternoon sessions will begin with a general session, at which a subject of broad 
interest will be presented by an outstanding speaker. The general sessions will then break into 
various symposiums to discuss cancer of various body sites. A host committee representing 
medical and health groups of the Detroit area, headed by Dr. Harry M. Nelson, Detroit, of the 
Southeastern Michigan Division, American Cancer Society, will arrange a public cancer forum 
for Tuesday evening. The last National Cancer Conference was held in Cincinnati in 1952. 


Carl V. Weller Lectureship.—The Michigan Pathological Society has announced the 
establishment of the Carl V. Weller Lectureship in recognition of the many contributions made 
by Dr. Weller in the fields of pathology and clinical pathology. The first lecturer will be Dr. 
Howard T. Karsner, medical advisor to the Navy, Washington, D. C., and will be presented 
in Ann Arbor, Mich., on Dec. 8, 1956. 


Public Health Service Research Grants.—The Public Health Service has announced 
a new procedure to expedite the processing of research grant applications for those requests which 
do not exceed $2000 plus indirect costs and which do not ask support for more than one year. 
Such applications will be accepted and processed on receipt and are not therefore subject to the 
usual deadlines for submission prior to review. 

Council recommendations can be expected on these applications within one to four months 
from the time of submission. These procedures do not apply for requests for supplements to 
existing grants. 

Address all applications as well as requests for forms or additional information to the Division 
cf Research Grants, National Institutes of Health, Bethesda 14, Md. 
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Embryologie: Ein Lehrbuch auf allgemein biologischer Grundlage. By Prof. Dr. 

ey Dietrich Starck, Direktor des Dr. Senckenbergischen Anatomischen Inst. der Univ. Frank- 

i, furt/Main, Germany. Price, $18.55. Pp. 688, with 522 illustrations. Georg Thieme Verlag, 
i Herdweg 63, Stuttgart, Germany, 1955. 


ae This new textbook of embryology intends to give a survey of the modern, biologically oriented 
embryology. The author states in the preface that his purpose is to combine comparative and 
experimental embryology in a new viewpoint of ontogenesis. Much emphasis is given to results 
of embryological-physiological research. The book is divided into two parts, a general part 
covering conditions of embryonal development, and the second part dealing with organogenesis. 
a Much of the material is new and includes recent concepts in this field. The numerous illustrations 
a are well prepared and informative. Of special interest are the complete references at the end. 
ae The book is highly recommended for those interested in fundamental concepts of embryology. 


me Histologische Geschwulstdiagnostik. By A.v. Albertini, Professor of Pathology of the Uni- 
> a versity of Zurich, Switzerland. Price, $23.40. Pp. 544, with 638 illustrations. Georg Thieme 
an Verlag, Herdweg 63, Stuttgart, Germany, 1955. 


This book is the first edition of a “systematic morphology of the human tumors as basis for 
clinical judgment,” and is meant to serve as an introduction and classification of oncology in 
general. The introductory chapter deals with histogenesis, morphology, and terminology, followed 
by histological diagnosis of tumors of particular organs. A classification of neoplasms of the 
central nervous system is not included. Clinical correlations are but minimally considered. The 
black-white illustrations are well selected and of excellent quality. The references to the literature 
are mostly to old publications, indicating the essentially descriptive nature of the book. 


Textbook of Endocrinology. Edited by Robert H. Williams, M.D. Second edition. Price, 
$13.00. Pp. 776, with 175 illustrations. W. B. Saunders Company, 218 W. Washington Sq., 
Philadelphia 5, 1955. 


This second edition of the “Textbook of Endocrinology,” which first appeared in 1950, has 
been brought up-to-date and extended in some respects. The chapter on obesity, originally written 
’ by Newburgh, has been revised by Daughaday. Forsham and Thorn have rewritten the sections 
on hyperadrenocorticism and hypoadrenocorticism, originally written by Kepler. As the editor 
says, the object in revising the book was to present material as concisely and authoritatively 
as possible. In doing so, attempts were made to minimize controversial issues. He has also tried to 
include as many facts and ideas as possible from fundamental studies in physiology, biochemistry, 
and other basic sciences. In fact, Chapter 1 deals mainly with general principles of endocrirology. 
In the succeeding chapters there is discussion of the pituitary, thyroid, adrenals, testes, ovaries, 
ae pancreas, and the parathyroid glands. It is of interest that no discussion is given for the diseases 
of the thymus or of the pineal gland. There are also chapters on the influence of the endocrine 
glands upon growth and development, the problem of obesity, and the subject of neuroendo- 
crinology. Finally, there is a chapter dealing with laboratory diagnosis and assay features, and 
one on the diagnosis and treatment of endocrinopathies and hormone preparations. The book is 
well printed, and the index is excellent. In addition, there are numerous references to recent 
literature in relation to many of the subjects discussed. The book contains one hundred seventy- 
five figures, mostly photographs, microphotographs, and charts. Most of the authors are well- 
known contributors to the subject of endocrinology. In this book medical students, residents, 
and physicians will find much of value, which is presented competently. 
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The New TECHNI-FREEZE Refrigerating Unit 


For Use with Freezing Microtome 


Techni-Freeze is a refrigerating unit of high perfection for every modern hospital, 
clinic, or laboratory. It is used for freezing tissue for histologic diagnosis. 


The cost of operating the electrically-powered 
Techni-Freeze Unit compares roughly to the 
cost of lighting a 50- watt incandescent 
light bulb. 


Techni-Freeze operates with quick, quiet, 
clean efficiency. A snap of the compressor 
switch in the morning places the unit in a 
state of constant readiness. The Techni-Freeze 
refrigerant, Freon, circulates throughout the 
unit and will hold temperatures ranging from 
—20°F. to —40°F. 

Techni-Freeze eliminates many disadvantages 
which are well known to pathologists using the 
old CO, refrigerating method. Serious delays 
due to low pressure and tank switch-over are 
avoided by use of Techni-Freeze, which 
clearly registers temperatures. 


The introduction of Techni-Freeze to the 
pathological laboratory results in new effi- 
ciencies which are readily appreciated by 
technicians. Awkward CO, tank handling is 
no longer necessary; disturbing CO, gas 
pressure noises are obviated by use of the 
Techni-Freeze; contamination of air and 
instruments is completely eliminated once 
Techni-Freeze is placed into service. 


Housed in a sturdy enameled steel cabinet, 
the Techni-Freeze has all controls conveniently 
located with gauges and controls on the front 
panel. The freezing head is designed to fit all 
microtomes in common use, such as: Bausch 
& Lomb, American Optical, Spencer and 
Sartorius. 


Scientitic Products 
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OPHTHALMOLOGY. 


\ Keep “up to date” 


A timely publication on the latest developments 
and techniques of Ophthalmology. 


Read clinical reports, original papers by 
foremost authorities . . . book reviews, 
abstracts, news and comment... 


A specialty journal for the medical 
profession covering diseases of the 
eye, its relation to general health, 
techniques and corrections . . . 


A.M.A. archives of Ophthalmology 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET © CHICAGO 10, ILLINOIS 


Please enter a subscription to A.M.A. archives ofp OPHTHALMOLOGY for one year. 


$12.00 YEARLY $13.00 FOREIGN $12.40 CANADIAN 
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if your laboratory performs these tests... 


Prothrombin Time—Diagnostic Plasma Warner-Chilcott (the only lyophilized 
normal plasma for thromboplastin control reported in the medical literature'*) 
is ready for use at a moment's notice. Rigidly standardized to give consistent, 
accurate, reproducible results, Diagnostic Plasma eliminates the uncertainties 
of random donor “normals.” 


Coagulase Test —“. . . the most reliable, single in-vitro criterion for the identi- 
fication of pathogenic staphylococci,” this test requires absolutely fresh, normal 
plasma. With convenient Diagnostic Plasma, you are always sure of accurate 
results. 


Easy to prepare: Just add distilled water to the “no-waste” vial and Diagnostic 
Plasma is ready for immediate use. 


Supplied in boxes of ten 0.5 cc. vials, $9.00. 
References: 1. Hodes, M. E.: Clin. Chem. 5:59 (Aug.) 1953. 2. Wollenweber, H. L.: Current ot. Ree 
21:109 (March) 1954. 3. Oktavec, W. A., Jr., and E. J.: Tech. Buil. Registry M. Tech, 24:28 
Jan.) 1954. 4. Oktavec, W. A., Jr., and | Smetana, E. J.: Am. J. Clin. Ser 24:250 ( eb.) 1954. 5 

J.: Bacterial and Mycotic Infections of Man, ed. 2, Phitadeiphia, J. Eisshssnn Goaeens, 1952, p. 371. 


depend on Diagnostic Plasma 


WARNER-CHILCOTT 


Please send a trial supply of Diagnostic 
Plasma Warner-Chilcott for use in: 


(J Prothrombin Time Determination 
Coagulase Test 
Please furnish name of local supplier J) 


Low Coat 


FOR FILING 

MICROSCOPIC SLIDES 3 x 1” 

KODACHROME TRANSPAR- 
ENCIES 

2 x 2” SLIDES 

LANTERN SLIDES 

(up to 3% x 4%) 

PETROGRAPHIC SLIDES 


When you purchase a 
PARAGON TRAY DRAWER CABINET 
YOU PURCHASE FILING SPACE ONLY 
NO WASTE SPACE-EVERY INCH USED 


U. S. Pat. No. 2,202,047 
C101—Tray Drawer Cabinet for 3 x 1 Micro Slides 
Capacity 4500—18}4 x 15% x 4% 


All Paragon Tray Drawer Cabinets 
are manufactured in standard sizes 
so that any number of sections may 
be interlocked to form one cabinet 
to accommodate any number of 
varied slides. The dimensions of the 
different cabinets are the same as 
to length and width, varying only in 
height. The cabinet formed by inter- 
locking may be 183% x 1534; 18% x 
11 or 1834 x 5 or it may be a pyramid 


with the sections varying in width. €221—Capacity 1500 Slides—18% x 11 x 3% 


For Filing KODACHROME TRANS- 
PARENCIES and 2x2” SLIDES 


SPECIFICATIONS: All Paragon Tray Drawer Cabinets are made of 
reinforced steel construction, olive green finish. Interlocking device enables 
several units to be joined into one. Each sectional unit contains remov- 
able drawers with hand grip in front and rear. Interlocking steel base 
obtainable whenever required. Constructed according to rigid specifica- 
tions—not merely adapted. 


Address your orders and inquiries to Dept. P. 
Manufactured Exclusively by 


PARAGON C.&C. CO., inc. ¢ 2540 Belmont Ave., New York 58, N.Y. 
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, & will want to know more about the new 
aerodynamic guard bowl ventilating system— 
the new stainless steel interior —- the stainless 
steel auxiliary cover that saves valuable bench 
space — the electric tachometer — the electric 
time clock — the unique air-filtering system— 


‘the spring-loaded hinge — the new vibration 


dampening system which results in smooth 


FOR THE 


Modern Laboratory 


The new INTERNATIONAL MODEL U is 
more than just a Centrifuge in a 
cabinet. International’s experienced 
engineering has produced a Centrifuge 
with years-ahead features and 
unmatched performance. 


operation without the “shaker” action of 
over-flexible mountings — the versatility of 84 
interchangeable accessory combinations. 

Let us tell you more about this completely 
new Centrifuge, handsomely designed to fit in 
with your wall counters and cabinets. Write 
for Bulletin J explaining all these features in 
detail. 


INTERNATIONAL EQUIPMENT COMPANY were 


, 1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 
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non-hardening: non-dis- 
torting: non-hygroscopic: 


technicon stains 


highly selective: stand- 
ardized characteristics: 
chemically balanced: 
never needs filtering 


These are the members of the Techni- 
con family of standardized histologic 
reagents. Many pathologists consider 
them the closest approach yet made to 
ideal media for routine laboratory use. 


Not least among their outstanding 
characteristics is their common high 
flash point which makes them manda- 
tory for use with Autotechnicon for 
Underwriter’s Laboratory approval. 

For details and specimen methods, 


let us send you our Bulletin R-2 
“Standardized Histologic Reagents.” 


MICOn: 
standardized reagents 


TECHNICON samen COMPANY, INC. 
Chauncey, New York 
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